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Pre—Exposure Intradermal Rabies Vaccination Using Japanese Rabies

Vaccine Following the Japanese Recommended Schedule

Naoki Yanagisawa!, Nachide Takayama®, Eiichi Nakayama?,

Kazuaki Mannen® and Akihiko SuganumaV

1) Department of Infectious Diseases, Tokyo Metropolitan Cancer and Infectious dis-
eases Center Komagome Hospital

2 ) Department of Pediatrics, Tokyo Metropolitan Cancer and Infectious diseases Center
Komagome Hospital

3) Institute of Scientific Research, Oita University

In November 2006, two consecutive imported rabies cases were reported in Japan. The demand
for rabies vaccine has grown rapidly, resulting in a shortage of the vaccine. In order to prepare
for the vaccine shortage, it is necessary to consider a method that is effective yet uses less amount
of the vaccine. We examined the efficacy and safety of the Japanese rabies vaccine when admin-
istered intradermally following the Japanese recommended schedule. The intradermal method we
tested uses only 20% of the vaccine dose required under the standard method, but every subject
tested had a sufficient rise in their anti—rabies antibody titer. Overall, the vaccine was well toler-
ated by all subjects. This was a small inoculation trial, but intradermal vaccination is an effective
method, and may be used on a regular basis not only when vaccine is short.
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Abstract We examined the efficacy and safety of the
Japanese purified chick embryo cell rabies vaccine (PCEC-
K) when administered on days 0, 7, and 28, as recom-
mended by the WHO. Post-vaccination serum samples
were obtained from 53 human subjects, and rabies antibody
titers were determined by a combination of enzyme-linked
immunosorbent assay (ELISA) and neutralizing antibody
(NA) assay. By day 42 of the experiment, which was
2 weeks after the third dose, all subjects had developed NA
titers of 0.5 IU/ml or higher. The geometric mean titers of
ELISA antibody and NA were 3.8 EU/ml and 5.7 IU/ml,
respectively. Overall, the vaccine was well tolerated by all
subjects. These results suggest that PCEC-K used for pre-
exposure immunization according to the WHO schedule is
as immunogenic and effective as the current pre-exposure
immunization regimen in Japan, which consists of vaccines
administered on days 0, 28, and 180. An accelerated
schedule would be of great advantage to Japanese travelers,
who could complete the required three doses for primary
immunization in 1 month.
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Introduction

Infection with the rabies virus, a Lyssavirus, causes acute,
progressive, and fatal viral encephalitis. Mortality is almost
100% once clinical symptoms of rabies appear, because we
lack effective therapy [1]. Rabies is a serious cause of
human mortality in many developing countries. Post-
exposure prophylaxis (PEP) using the rabies vaccine is the
only means of preventing clinical rabies. In cases of severe
exposure, WHO recommends the administration of rabies
immunoglobulin (RIG) in addition to vaccination. How-
ever, the supply of RIG is scarce worldwide. Moreover,
RIG is not marketed in Japan, which makes it impossible to
follow the WHO recommendation regarding PEP for
severe cases [2].

The problems associated with the unavailability of RIG
could be mitigated by routine pre-exposure immunization
(PEI). With regard to PEI, the WHO recommends rabies
vaccines to be administered intramuscularly on days 0, 7,
and 21 or 28 [2]. In contrast, the approved PEI regimen in
Japan is performed by administering Japanese purified
chick embryo cell rabies vaccine (PCEC-K) subcutane-
ously on days 0, 28, and 180. Therefore, completing PEI by
administering the recommended three doses is inconve-
nient because of the long intervals between doses [3].
Following the WHO recomimended schedule would present
great advantages for potential travelers, who could com-
plete the three-dose rabies vaccine needed for primary
immunization in 1 month.

The aim of this study was to determine the efficacy and
safety of PCEC-K when following the WHO recommended
schedule. We have previously reported that this accelerated
schedule could result in protective titers, as measured by
enzyme-linked immunosorbent assay (ELISA), but neu-
tralizing antibody (NA) assay was not performed in that
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study [4]. NA assays are considered by the WHO to be the
gold standard for measuring successful seroconversion
against rabies [2]. However, ELISAs present key advan-
tages over other serological techniques [5], including
speed, ease, and lower biosafety requirements, and we were
interested in measuring how results obtained with an
ELISA correlated with those obtained with the NA assay.

Subjects, materials, and methods
Ethics approval and informed consent

This study was conducted in accordance with the Decla-
ration of Helsinki. The study protocol was submitted to and
approved by the institutional review board. All participants
were informed of the study procedures, and written consent
was obtained from all subjects.

Subjects

A total of 53 subjects (40 men and 13 women; ages ranging
from 24 to 59 years, with a mean of 37.0 & 10.5 years)
were enrolled. Of these, 26 and 27 subjects were enrolled
in 2007 and 2008, respectively. The subjects were inter-
viewed and examined by a physician and confirmed to have
had no previous animal bites; no previous rabies vaccines;
no acute or chronic infectious diseases; and no concomitant
use of corticosteroid therapy or antimalarial or immuno-
suppressive drugs. The subjects were all volunteers who
considered receiving the rabies vaccine for their travel
abroad in the near future.

Administration of vaccines

The PCEC-K vaccine used in this study was manufac-
tured by the Chemo-Sero-Therapeutic Research Institute
(Kumamoto, Japan). The 26 subjects enrolled in 2007 were
vaccinated with lot RBO2 for the first and second doses, For
the third dose, 18 subjects were vaccinated with lot RB02
and 8 subjects with lot RBO3. The 27 subjects enrolled in
2008 were vaccinated with lot RBO6 for the first and
second doses, and lot RBO7 was used for the third dose.
Vaceination was performed by subcutaneous injection in
the anterolateral aspect of the upper arm, using 1.0 ml of
PCEC-K, on days 0, 7, and 28.

Serological testing

Blood samples were collected from all vaccinees on days 7,
28, and 42. ELISA antibody titers were measured with the
PLATELIA"™ RABIES KIT II (Bio-Rad Laboratories, Mar-
nes-la-Coqguette, France) according to the manufacturer’s

protocol. NA titers were measured by using the rapid fluo-
rescent focus inhibition test (RFFIT), following the interna-
tional standard procedure [6]. ELISA antibody titers of
0.5 EU/ml or higher, or NA titers of 0.5 TU/ml or higher were
considered positive.

Adverse effects

The subjects were told to notify the investigators of any
adverse effects after the vaccine injection on their next
visit.

Statistical analysis

The correlation of log,g ELISA antibody titers and log,q
NA titers was calculated using Pearson’s correlation test.
Statistical analysis was conducted using StatView 5.0 (SAS
Institute Japan, Tokyo, Japan). P < 0.05 was considered to
be statistically significant,

Results

ELISA antibody titers measured on days 7, 28, and 42 are
shown in Table 1. On day 7, 1 week after the first dose,
none of the subjects had a detectable ELISA antibody titer.
On day 28, 3 weeks after the second dose, 84.9% (45/53)
were seroconverted, as defined as 0.5 EU/ml or higher.
Among the seroconverted subjects, the geometric mean
titer (GMT) was 1.7 EU/ml (range <0.5-3.5 EU/ml). On
day 42, 2 weeks after the third dose, all subjects (53/53)
were seroconverted, with a GMT of 3.8 EU/ml (range 0.8
17.3 EU/ml).

The NA titers measured on days 7, 28, and 42 are shown
in Table 2. Again, on day 7, no subject had a detectable
NA titer. On day 28, 94.3% (50/53) were seroconverted,
defined as 0.5 IU/ml or higher. Among the seroconverted
subjects, GMT was 1.2 TU/ml (range <0.5-6.0 TU/ml). On

Table 1 ELISA antibody titers after administration of Japanese
rabies vaccine on days 0, 7, and 28

Day 7 28 42
GMT (EU/mi) - 1.7 38
Range All <0.5 <0.5-3.5 0.8-17.3
n = >0.5 EU/m} 0/53 45/53 53/53
Seroconversion (%) 0 84.9 100

Blood samples were collected on days 7, 28, and 42. Subjects were
considered to have seroconverted when antibody titers were 0.5 EU/
ml or higher

ELISA enzyme-linked immunosorbent assay, GMT geometric mean
titer, range lowest-highest value
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Table 2 Neutralizing antibody titers after administration of Japanese
rabies vaccine on days 0, 7, and 28

Day 7 28 42
GMT (IU/ml) - 12 5.7
Range All <0.5 <0.5-6.0 0.7-23.7
n = >0.5 IU/mi 0/53 50/53 53/53
Seroconversion (%) 0 94.3 100

Blood samples were taken on days 7, 28, and 42. Subjects were
considered to have seroconverted when antibody titers were 0.5 TU/
ml or higher

GMT geometric mean titer, range lowest-highest value

Log,, neutralizing antibody titer (IU/ml)

w20 2 4 .t .8 i 12 1.4
Log,, ELISA antibody titer (EU/ml)

Fig. 1 Correlation of log;q enzyme-linked immunosorbent assay
(ELISA) antibody titers with logp neutralizing antibody titers in 53
subjects. The correlation analysis was performed using Pearson’s
correlation test (r = 0.891, P < 0.0001, n = 53)

day 42, all subjects (53/53) were seroconverted, with a
GMT of 5.7 IU/ml (range 0.7-23.7 TU/ml).

Figure 1 shows the comparison between the loge
ELISA antibody titers and logio NA titers. There was a
clear correlation between the two assays (r = 0.891,
P < 0.0001, n = 53).

Overall, the vaccines were well tolerated by all subjects.
One subject complained of a headache, which resolved on its
own the following day. Other systemic reactions such as
fever or malaise were not reported. Mild local reactions were
observed, erythema being the most frequent, recorded in
18.8% (10/53). This was followed by pruritus in 17.0% (9/
53), swelling in 13.2% (7/53), and local pain in 7.5% (4/53).

Discussion

We studied the efficacy of PCEC-K following the schedule
recommended by the WHO. After three doses of PCEC-K,

) Springer

all subjects developed protective ELISA and NA titers.
There were no significant adverse effects.

Previous studies have reported on the efficacy of the
officially approved PEI in Japan, with NA GMT values
ranging between 2.7 and 4.0 IU/ml [7, 8]. In our study, all
subjects had seroconverted after the third dose of the
vaccine, with an NA GMT of 5.7 TU/ml. Our results cannot
be directly compared to those in these previous studies, due
to differences in the age, gender proportions, sample sizes,
and timing of the samples taken. However, the fact that all
subjects in the present study seroconverted suggests that
administering PCEC-K on days 0, 7, and 28 is as effective
as administering it on days 0, 28, and 180.

There was a strong correlation between the ELISA
antibody and NA titers in the present study, suggesting
that the ELISA test could be as reliable as the neutral-
izing test in this context. Feyssaguet et al. [5] likewise
reported that the ELISA test was as sensitive and specific
as the current standardized reference method, with sen-
sitivity of 98.6% and specificity of 99.4%. Moreover, the
ELISA kit is simple, safe, and quick to use compared
to the neutralizing test, which is time-consuming and
expensive, and requires extensively trained technicians
and laboratory facilities equipped to handle the live rabies
virus.

A difference in the seroconversion rate between the two
assays used in the present study was observed on day 28.
The seroconversion rate was significantly lower when titers
were measured by ELISA as compared to measurement by
the neutralizing test (84.9 vs 94.3%, respectively). More-
over, none of the subjects with elevated ELISA antibody
titers had negative NA titers. Taken together, these data
suggest that the ELISA test could be more stringent in
determining seroconversion. All subjects had seroconvert-
ed after the third dose, indicating that the completion of the
recommend schedule was the most important factor in
achieving protection.

Japan is one of the few rabies-free countries in the
world. Yet two human imported rabies cases were reported
in Japan, in November 2006 [9, 10]. The victims in ques-
tion did not receive rabies PEP after being bitten by a rabid
dog. To prevent further tragedies, travelers must be
encouraged to receive PEP immediately after being bitien
by an animal suspected of being rabid. Furthermore, it is
important to encourage PEI to insure the efficacy of PEP
and economize on the short supply of RIG worldwide.

In conclusion, PCEC-K used for PEI and administered
according to the schedule recommended by the WHO is as
immunogenic and effective as the currently approved PEI
in Japan. The use of the schedule recommended by the
WHO would also foster traveler compliance with vacci-
nation recommendations by providing protective immunity
with a shorter, more manageable time course.
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Equine Herpesvirus
Type 9 in Giraffe
with Encephalitis

To the Editor: Herpesviruses
have been isolated from many mam-
mals. Herpesvirus infection in natural
hosts is often mild and is usually fol-
lowed by a latent infection; however,
cross-species herpesvirus infections
cause severe and fatal diseases. Equine
herpesvirus (EHV)-1 causes abortion,
respiratory disease, and, occasionally,
neurologic disorders in horses. EHV-1
infection is usually limited to equine
species, although ithas also been found
in other species (7), in which it causes
fatal encephalitis. Recent sequence
analyses suggested that the equine

1948

herpesviruses isolated in the United
States from onagers (Equus hemio-
nus), Grevy’s zebras (E. grevyi), and
Thomson’s gazelles (Gazella thomso-
ni) are a subtype or variant of EHV-1
(2). With respect to epizootiology, the
nonequine animals affected by EHV-1
or EHV-1-related virus were kept in
enclosures adjacent to those of zebra
species (Grevy’s or Burchell’s).
Another EHV-related virus was
isolated from 2 Thomson’s gazelles
that had encephalitis and were kept
with zebras (3). The virus was lat-
er found to be a new type of EHV,
EHV-9, although it was serologically
cross-reactive with EHV-1 (3). Re-
cently, neutralizing antibodies against
EHV-9 were found among Burchell’s
zebras in the Serengeti ecosystem (4).
A herpesvirus was recently iso-
lated from a reticulated giraffe (Gi-
raffa camelopardalis reticulate) with
neurologic symptoms; the giraffe
was from a zoo in the United States
(5). Nonsuppurative encephalitis was
found by histopathologic examination
of the giraffe brain. Several Burchell’s
zebras that were apparently healthy
and later determined to be seropositive
for EHV-1 were housed in the same
pen as the giraffe. The isolated virus

was identified by PCR and a monoclo--

nal antibody assay as EHV-1 (5). In
the present study, we analyzed 4 gene
sequences of the giraffe herpesvirus
to show its relatedness to EHV-1 and
EHV-9.

We amplified portions of 4 genes
from giraffe herpesvirus DNAby PCR.
The DNA polymerase catalytic sub-
unit (open reading frame [ORF] 30)
gene was amplified by using herpes-
virus universal primers (6). The genes
for glycoprotein B (gB) (ORF33),
glycoprotein 2 (gp2) (ORF71), and
glycoprotein D (gD) (ORF72) were
amplified by using primers specific for
EHV-9. The ORF33 primers were gB-F
(5'-GGCACAATAGTCCTAGCATG
TCTGTTGCTG-3') and gB-R (5'-
AAATATCCTCAGGGCCGGAAC
TGGAAAGTG-3'). The ORF71 prim-

ers were gp2-F (5-CCCCGTTGATG
AGTTTTGCGTAGAGGTCTA-3")
and gp2-R (5'-GCCACCACTGGTTG
TAAAGGCCAAGAGATA-3").
The ORF72 primers were gD-F (5'-
TTTACAACCACTGGTGGCGT
GTGTGCAGAA-3") and gD-R (5'-
TATCTCCAAACCGCGAAGCTT-
TAAGGCCGT-3"). The amplified
products were used as templates for
direct sequencing (Dragon Genom-
ics, Mie, Japan). The sequences were
edited with Phred, Phrap, and Consed
(www.phrap.org/phredphrapconsed.
html), and the phylogenic trees were
constructed with PHYLIP (2,7). Ac-
cession numbers of the sequences
(submitted to the DNA Data Bank of
Japan) are given in the Figure.

We used PCR to amplify a part of
the gB gene of the giraffe herpesvirus,
and we used EHV-1 specific primers
for sequencing. However, we could
not obtain amplicons (data not shown).
Therefore, the more conserved gene,
ORF30, was sequenced. The sequence
of the 1,066-bp segment of the giraffe
herpesvirus ORF30 gene was 99.5%
identical to EHV-9 and 94.6% identi-
cal to EHV-1, which indicates that the
giraffe herpesvirus was most closely
related to EHV-9. Therefore, EHV-9
ORF33-specific primers were used to
amplify the corresponding region of
the giraffe herpesvirus, The sequence
of the giraffe herpesvirus ORF33 was
98.8% identical to EHV-9 and 95.9%
identical to EHV-1. Also, the sequence
of the other envelope glycoproteins
(ORF71 and ORF72) of the giraffe her-
pesvirus were 99.8% and 99.6% iden-
tical to EHV-9 and 91.6% and 96.3%
identical to EHV-1. A phylogenic tree
of maximum likelihood showed that
EHV-9 and the giraffe virus formed a
genetic group that was apparently dis-
tinguished from other genetic groups
of EHV (Figure).

Herpesviruses have caused clini-
cal disease in zoo animals, including a
case of EHV-9 infection in Thomson’s
gazelles (3) and a recently described
endotheliotropic betaherpesvirus in-
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pen reading frame (ORF) 30, B) ORF33, C) ORF71, and D)

ORF72. EHV-9 giraffe, equine herpesvirus (EHV) type 9 isolated from reticulated giraffe (5) (AB453826); EHV-9 gazelle, EHV-9 isolated
from a Thomson's gazelle in Japan (3) (AP010838); T-616, EHV-1 isolated from a zebra fetus in the United States (EU087295); 94-137,
EHV-1 isolated from a Thomson's gazelle in the United States (EU087297); Ab4p, EHV-1 isolated from horses (AY665713); EHV-4, EHV-4
isolated from horses (AF030027). Accession numbers of the sequences are AB439722 for ORF30, AB439723 for ORF33, AB453825 for
ORF71, AB453826 for ORF72 of giraffe herpesvirus (DNA Data Bank of Japan, National Institute of Genetics, Japan), and AP010838
for EHV-9 genome sequence (H. Fukushi, unpub.data). Boldface indicates the sequence of EHV-9 derived from the giraffe. Scale bars
indicate number of nucleotide substitutions per site.

fection in Asian and African elephants
(8). The distribution and severity of
herpesvirus encephalitis often differ
between natural and accidental hosts in
terms of enhanced neurovirulence. For
example, herpes simplex virus causes
a severe and fulminating encephalitis
in rabbits but only herpetic stomatitis
in humans; herpesvirus B infection is
fatal to humans but not to other pri-
mates (9). These findings may explain
why the giraffe had lesions while the
zebras in the same enclosure did not.
Alphaherpesviruses can evade
the immune system and become latent
within [ymphoid tissues, peripheral
leukocytes, and trigeminal ganglia;
they have the potential for reacti-
vation and shedding after immune
suppression or stress {(/0). Thus, the
fact that the zebras were apparently
healthy and seropositive for EHV-1
raises the possibility that the virus
was reactivated and shed by one of the
zebras, resulting in systemic infection
and disease in the giraffe (5). This
cross-species transmission of equine
herpesviruses raises the possibility of
latent infection and transmission of
the disease from zebras to other ani-
mal species kept in zoos; the results
could be devastating. Zebras might be

"EHV-9 carriers in zoos. Cross-species

transmission must be considered in
terms of screening susceptible ani-

mals for subclinical infection in terms
of husbandry and housing issues for
irreplaceable species.
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Chlamydophila felis is a causative agent of acute and chronic conjunctivitis and pneumonia in cats (feline
chlamydiosis). Also, C. felis is a suspected zoonotic agent of such diseases as non-Chlamydia trachomatis conjunc-
tivitis in humans, although this is controversial. At present, there is no serodiagnostic system that specifically
detects C. felis infection conveniently. Current systems use antigens such as lipopolysaccharide that cross-react with
all chlamydia species. In addition, it is difficult to distinguish between cats that are vaccinated with the commercial
vaccine against C. felis and cats that are infected with C. felis. Here, we describe a new candidate diagnostic antigen
for diagnosis of C. felis infection, CF0218, that was obtained by screening a genomic expression library of C. Selis
Fe/C-56 with C. felis-immunized serum. CF0218 was a putative transmembrane head (TMH) family protein with
bilobed hydrophobic motifs at its N terminus, and orthologues of CF0218 were not found in the Chlamydophila
pneumoniae or Chlamydia trachomatis genomes. The recombinant CF0218 was not recognized by antiserum against
C. trachomatis, suggesting that CF0218 is C. felis specific. CF0218 transcription during the course of C. felis infection
was confirmed by reverse transcription-PCR. By indirect immunoftuorescence analysis, CF0218 was colocalized
with the C. felis-formed inclusion bodies in the infected cells. The antibody response against CF0218 was elevated
following C. felis infection but not by vaccination in experimentally vaccinated and infected cats. These results
suggest that CF0218, a novel TMH family protein of C. felis, possesses potential as a C. Jfelis infection-specific

diagnostic antigen.

The chlamydiae are obligate intracellular bacterial patho-
gens, possessing a biphasic developmental cycle, consisting of a
metabolically inactive infectious elementary body (EB) and a
metabolically active noninfectious reticulate body. The bacte-
ria within host cells occupy vacuoles termed inclusions. Chla-
mydiae cause a range of diseases in various animals, such as
humans, birds, and cats. The family Chlamydiaceae is divided
into two genera, Chlamydia and Chlamydophila (9). The genus
Chlamydia comprises Chlamydia trachomatis (a human con-
junctivitis and sexually transmitted disease agent), Chlamydia
muridarum (a mouse pneumonia agent), and Chlamydia suis (a
pig conjunctivitis agent). The latter genus, Chlamydophila, in-
cludes Chlamydophila pneumoniae (an agent for pneumonia
and a suspected atherosclerosis agent), Chlamydophila psittaci
(an agent for psittacosis), Chlamydophila abortus (a ruminant
abortive agent), Chlamydophila caviae (isolated from guinea
pigs), Chlamydophila pecorum (infecting ruminants), and
Chlamydophila felis (infecting cats) (9).

C. felis is a causative agent of feline chlamydiosis, which is
characterized by acute and chronic conjunctivitis and pneumo-
nia in cats (40). The prevalence of C. felis in cats with ocular
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signs or upper respiratory tract diseases (URTD) has been
investigated by PCR or by detection of antichlamydial antibod-
ies. The percentages of cats positive for C. felis infection were
14.7% in Britain (29), 20.0% in Italy (32), 11.5% in Switzerland
(42), 15.3% in Sweden (17), and 4.6% in the United States
(26). In our previous studies in Japan, the percentages were
26.3% in stray cats, 28.9% in domestic cats, and 59.1% in cats
with conjunctivitis and URTD (6, 31, 45). These investigations
indicate that C. felis is the most common agent of feline con-
junctivitis and URTD in the world.

Since C. felis is susceptible to tetracyclines, doxycycline is the
first choice for the treatment of feline chlamydiosis. Systemic
administration of doxycycline for 3 weeks can effectively clear
the pathogen (40). However, conjunctivitis and URTD in cats
are also caused by other pathogens such as feline calicivirus
(FCV) and feline herpesvirus 1 (FHV-1), and it is not possible
to differentiate feline chlamydiosis from viral conjunctivitis and
URTD on the basis of clinical signs (40). Indeed, our previous
study showed that in 66 domestic cats with conjunctivitis and
URTD, 10.6% of cats had C. felis and FHV-1; 15.2% of cats
had C. felis and FCV; and 1.5% of cats had C. felis, FHV-1, and
FCV (6). Therefore, to provide adequate treatment and pre-
vent the spread of feline conjunctivitis and URTD, chlamydial
infection in cats needs to be differentiated from other viral
conjunctivitises and URTD.

Current methods for diagnosing feline chlamydiosis are iso-
lation of the pathogen, immunofluorescence (IF) testing using
the infected cells or the purified EB as antigens, or testing by
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conventional PCR and real-time PCR (15, 16, 40). However,
these methods require the use of specialized culture tech-
niques (isolation and the IF test) and equipment (PCR and
real-time PCR). Therefore, microbiological diagnosis of feline
chlamydiosis can be performed only in well-equipped labora-
tories. Another method to detect C. felis infection is enzyme-
linked immunosorbent assay (ELISA). There is no ELISA
system to specifically detect C. felis infection since the ELISA
uses whole chlamydial EB and lipopolysaccharide (LPS) as
antigens, which are cross-reactive for all chlamydial species
(EB and LPS) as well as other bacteria (LPS) (5, 23, 44). Other
serodiagnostic antigens include major outer membrane protein
(MOMP) and polymorphic membrane proteins (PMPs), which
are highly immunogenic and display intraspecies/interspecies
diversity (7, 24, 25, 39). For example, Longbottom and col-
leagues developed the ELISA system by using POMP90 (one
of the PMPs in C. abortus) as an antigen. The ELISA can
specifically detect anti-C. abormus antibodies in C. aborius-in-
fected sheep (19, 21, 23). ELISA can be performed conve-
niently in general laboratories and can handle many samples
simultaneously. Therefore, ELISA systems which can specifi-
cally detect C. felis (antibodies or antigens) should be devel-
oped for diagnosing feline chlamydiosis (40).

Cases of C. felis infection in humans are rarely identified,
and whether such cases exist is now controversial (20). How-
ever, recently C. felis was isolated from a patient with non-C.
trachomatis conjunctivitis and from one of the patient’s cats
(14). In addition, we also reported previously that 5.0% of
small-animal clinic veterinarians were seropositive for C. felis
(45). These results raise the possibility that C. felis is a zoonotic
agent, as is the case for C. psittaci and C. abortus (20).

Both live and inactivated vaccines for C. felis infection have
been used in Europe, the United States, and Japan (only the
inactivated form is approved in Japan). While the vaccines for
C. felis do not prevent infection completely, the vaccine can
enhance the humoral immune response and reduce the sever-
ity of clinical signs in vaccinated cats (22, 37, 40, 43). However,
it is difficult to distinguish between vaccinated cats and C.
felis-infected cats by means of the current serological tests (IF
tests and ELISA) because the antibody responses are observed
in both cases.

In this study, to discover new diagnostic antigens of C. felis,
the genomic expression library of C. felis was screened with C.
felis-immunized serum. One of the positive clones was found to
encode CF0218 (also named mhcB2). Orthologues of CF0218
were not present in genomes of other chlamydia species such
as C. trachomatis and C. pneumoniae. The recombinant
CF0218 was not recognized by C. trachomatis-immunized se-
rum. In addition, CF0218 was transcribed in C. felis-infected
cells and was colocalized with C. felis-formed inclusions. Fi-
nally, the antibody response against CF0218 was elevated only
following C. felis infection but not by vaccination in experimen-
tally vaccinated and infected cats. It is likely that CF0218
possesses potentidl as a diagnostic antigen of C. felis which can
specifically detect C. felis infection.

MATERIALS AND METHODS

Chlamydial strains and infection of cultured cells. C. felis Fe/C-56 isolated in
Japan from a cat with conjunctivitis was used as a standard strain of C. felis since
this strain had already been subjected to full genomic DNA sequencing (1, 6).
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For analyzing the diversity of cf0218 sequences obtained in this study, C. felis FP1
Baker (ATCC VR120; isolated in the United States from a cat with pneumonia)
(2, 12), Fe/B166 (isolated in the United Kingdom from a cat with conjunctivitis)
(30, 31), and Fe/C-38 (isolated in Japan from a cat with conjunctivitis) (6) were
used. C. felis strains were grown in Hela cells. HeLa cells were treated with
minimal essential medium « (Wako Pure Chemical Ltd., Osaka, Japan) contain-
ing 30 ng/ml DEAE-dextran at room temperature for 30 min before inoculation,
After inoculation of bacteria at a multiplicity of infection of up to 10, flasks (or
plates) were centrifuged at 700 X g for 60 min at room temperature and subse-
quently incubated in the presence of 5% CO, at 37°C for 60 min. Afterward, the
inocula were exchanged into minimal essential medium o supplemented with 5%
fetal bovine serum (Invitrogen, Carlsbad, CA) and 1 pg/mt of cycloheximide in
the presence of 5% CO, at 37°C until formation of the mature inclusion body or
until the time indicated. C. felis EB was purified from infected Hela cells by
sucrose gradient centrifugation as described previously (12). The purified EB was
diluted at 2.0 mg/ml in 0.01 M Tris-HCI (pH 7.2) and stored at —80°C until use.

Construction and immunoscreening of C. felis genomic DNA expression li-
brary. Genomic DNA of C. felis Fe/C-56, which was extracted from the purified
EB by sodium dodecyl sulfate (SDS), proteinase K, and phenol-chloroform as
previously described (11), was partially digested with EcoRI in the presence of
2.5 mM Mn?* and ligated to EcoRI-digested A\-ZAPII phage arms (Stratagene,
La Jolla, CA). The ligated DNA was packaged in vitro with Gigapack extracts
according to the manufacturer’s instructions (Stratagene). Recombinant phage
were plated on Escherichia coli XL1-Blue MRF’ cells (Stratagene) and incubated
at 37°C for 6 h to allow development of the plaques. The plates were sequentially
overlaid with nitrocellulose membranes (GE Healthcare, Buckinghamshire,
United Kingdom), which were soaked in 20 mM isopropyl-1-thio-B-p-galactopy-
ranoside (IPTG) and incubated at 37°C for an additional 4 h. The resulting
membranes were reacted with C. felis-hyperimmunized feline serum (28) as the
first antibody, subsequently reacted with anti-cat light chain-horseradish perox-
idase (HRP) (Bethyl, Montgomery, TX) as the secondary antibody, and visual-
ized by 3,3'-diaminobenzidine in the presence of 0.01% H,0,. Several phage
clones, which were confirmed as positive by secondary and tertiary screening,
were converted to the pBluescript SK(—) phagemid in E. coli SOLR according
to the manufacturer’s instructions (Stratagene). The DNA from the insert in
each clone was sequenced in both directions by using M13 forward and reverse
primers and analyzed by using the C. felis Fe/C-56 genomic DNA sequence data
as published previously (1). .

Analysis of diversity and hydropathy profile of cf0218. The diversity of cf0218
from different strains of C. felis was examined by sequencing the PCR products
of ¢f0218 with primers (5'-CGGGATCCATGACAACAAACTCATTG-3' and
5'-GCGTCGACTTAATTAGCGTCATCATT-3') from C. felis FP1 Baker, Fe/
B166, and Fe/C-38. Hydropathy profiles were determined using the algorithm of
Kyte and Doolittle (18) with a window size of 11 on the web source ProtScale
(available at http://www.expasy.ch/tools/protscale.html) and the DNA Strider
program (27).

Recombinant CF0218 and antibody preparation. The region encompassing
¢f0218 was amplified by PCR with primers (5'-CGGGATCCCGGACAACAA
ACTCATTGAAC-3 and 5'-GGAATTCCCATTAGTATGCTICTTCGCTGCC
C-3'; the sites of restriction endonucleases are underlined) and was cloned into
the glutathione S-transferase (GST) fusion protein expression vector pGEX-
6P-1 (GE Healthcare). After we checked the correct nucleotide sequence and
frame, the resulting plasmid was named pGST-CF0218. GST or GST fused with
CF0218 was expressed and purified according to the manufacturer’s instructions.
Briefly, logarithmic-phase E. coli BL21 (GE Healthcare) harboring pGST or
pGST-CF0218 in Luria-Bertani broth supplemented with 40 pg/ml ampiciflin
was further incubated at 30°C for 5 h in the presence of 1.0 mM IPTG. The
bacteria were suspended and sonicated in phosphate-buffered saline (PBS) con-

- taining 1% (volfvol) Triton X-100. After centrifugation at 4°C, the soluble form

of GST or GST-CF0218 in the supernatant was purified by glutathione Sepha-
rose 4B (GE Healthcare). Rabbit (Japanese White, female, 12-week-old) poly-
clonal antibody was raised against recombinant CF0218 emptied of GST by
PreScission protease (GE Healthcare). The antiserum obtained was purified
using CF(218 blotted on a nitrocetlulose membrane (GE Healthcare). Briefly,
the CF0213 blotted on a nitrocellulose membrane stained with 1% Ponceau S
was excised and blocked in 1% polyvinylpyrrolidone for 1 h at 37°C. After
washing, the membrane was incubated with the antiserum for 2 h at room
temperature. The binding antibody specific for CF0218 was eluted from the
membrane with 0.1 M Gly-HCI (pH 2.5) and neutralized with 2 M Tris. All
animal experiments described in this study were approved by the Commission for
Animal Experiments in Gifu University according to current guidelines.
Immunoblotting. C. felis EB (1 mg/ml) inactivated in PBS supplemented with
0.5% (volfvol) Triton X-100 and 5% (volfvol) 2-mercaptoethanol or each recom-
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binant CF0218 product was separated by SDS-polyacrylamide gel electrophoresis
(PAGE) and transferred onto a polyvinylidene difluoride membrane (Immo-
bilon-P; Millipore, Billerica, MA). The following antisera were used as the
primary antibodies diluted at 1:2,000 in PBS: rabbit anti-CF0218, rabbit C.
psittaci Prk/daruma-hyperimmunized serum (H. Fukushi et al., unpublished ma-
terial), rabbit C. trachomatis L2/434/Bu-hyperimmunized serum (12), and feline
C. felis-hyperimmunized serum, The anti-cat light chain-HRP and the anti-rabbit
immunoglobulin G (IgG)-HRP (ICN Pharmaceuticals, Aurora, OH) were used
as the secondary antibodies diluted at 1:2,000 in PBS. The membranes were
incubated in ECL Western blotting detection reagents (GE Healthcare) and
exposed to X-ray film (Fujifilm, Tokyo, Japan).

RT-PCR analysis. Total RNA was extracted from C. felis Fe/C-56-infected
HeLa cells at each time point after infection by Trizol reagent (Invitrogen), and
residual DNA contamination was removed by treatment with amplification-
grade DNase I (Invitrogen), according to the manufacturer’s instructions. For
reverse transcription-PCR (RT-PCR), cDNA was synthesized from 1.0 pg total
RNA by using random primer and Moloney murine leukemia virus reverse
transcriptase for 60 min at 42°C according to the manufacturer’s instructions
(ReverTra Ace kit; Toyobo, Osaka, Japan). The cDNA was amplified by PCR
using each primer. Custom primer sets specific for C. felis cf0218 (5-CGGGA
TCCATGACAACAAACTCATTG-3' and 5'-GCGTCGACTTAATTAGCGTC
ATCATT-3") were used to detect cf0218-specific message, whereas previously
described primers were used to examine levels of Chlamydophila ompA (CMGP-
2F, 5'-GCCTTAAACATCTGGGATCG-3', and CMGP-2R, 5'-GCACAACCA
CATTCCCATAAAG-3') (8). C. felis genomic DNA was used as a positive
control, and total RNA samples without reverse transcription were used as
controls for DNA contamination.

Indirect IF microscopy. HeLa cells grown on coverslips were used for the IF
study. Seventy-two hours after infection by C. felis Fe/C-56, cells were fixed with
49 paraformaldehyde in PBS for 20 min at room temperature and subsequently
fixed again with cold methanot for 1 min on ice. The coverslips were blocked in
2% (wt/vol) bovine serum albumin in PBS and stained with rabbit anti-CF0218
diluted at 1:50 in PBS, anti-rabbit IgG-fluorescein isothiocyanate (ICN Pharma-
ceuticals) diluted at 1:200 in PBS, anti-chiamydial LPS monoclonal antibody
(13), anti-mouse IgG-Alexa 594 (Invitrogen) dituted at 1:200 in PBS, and 4',6-
diamidine-2-phenylindole dihydrochloride (DAPI) (Dojindo Laboratory, Kum-
amoto, Japan) diluted at 1:5,000 in PBS. The coverslips were mounted in

SlowFade antifade reagent (Invitrogen), and examined with an IF microscope -

(BZ-8000; Keyence, Osaka, Japan) for deconvoluted fluorescence imaging.

Experimental vaccination and infection of cats. Six specific-pathogen-free fe-
male cats were used. They were 5 months old and weighed 1.6 kg to 1.8 kg at the start
of the experiments. They were divided into two groups. On day 0 (0 weeks) and at
3 weeks, cals in one group were vaccinated twice with the five-antigen-containing
vaccine for cats, Fel-O-Vax 5 (Kyoritsu Seiyaku Corp., Tokyo, Japan), which con-
tains inactivated C. felis Cello strain EB, via the intramuscular route according to the
manufacturer’s instructions. Cats in another group were inoculated with saline via
the intramuscular route, at 0 weeks and 3 weeks. At S weeks (2 weeks after the
second vaccination), cats in both groups were inoculated with 10* 50% embryo
infectious doses of live C. felis Cello strain via the mucosal (conjunctival, oral, and
nasal) route. Sera of all cats were collected from 0 to 8 weeks.

ELISA. The antibody response against C. felis EB and CF0218 of infected cats
was measured by ELISA. For ELISA, C. felis EB (1 mg/ml) was inactivated in 1%
Triton X-100 and 5% 2-mercaptoethanol at 37°C for 30 min as described previ-
ously (28). To assess levels of antibody against CF0218 in feline sera, purified
GST and GST-CF0218 were used as antigens. Each antigen (EB, GST, and
GST-CF0218) was diluted at 1 pg/ml with 0.05 M carbonate-bicarbonate buffer
(pH 9.6, 15 mM Na,CO;, 35 mM NaHCO;) and subsequently applied to the
96-well plates (100 ngfwell) (F96 Maxisorp; Nunc, Roskilde, Denmark) at 4°C
overnight to coat wells. After blocking of each well with 5% (wtfvol) skim milk
in PBS containing 0.05% Tween 20 (PBST), the sera diluted at 1:100 with PBS
were added and incubated for 1 h at room temperature. After washing with
PBST, the anti-cat light chain-HRP diluted at 1:2,000 with PBS was added as the
secondary antibody. The plates were incubated for 1 h at room temperature and
washed twice with PBST and then twice with distilled water. Tablets of 2,2’
azino-bis(3-ethlbenzothiazoline-6-sulfonic acid) (Sigma-Aldrich, St. Louis, MO)
dissolved in 0.05 M citrate buffer (pH 4.0) containing 0.0075% H,0, were added
1o each well according to the manufacturer’s instructions. The plates were incu-
bated at 37°C for 30 min, and optical density (OD) at 405 nm was measured using
a Microplate Reader Model 550 (Bio-Rad, Hercules, CA). Net OD values for
CF0218 were calculated by subtracting the OD values of the GST wells from
those of the GST-CF0218 wells as described elsewhere (19). Each sample was
measured in duplicate.

CLIN, VACCINE IMMUNOL.

Statistical analysis. Overall antibody responses in cats were analyzed by using
repeated-measures analysis of variance, and subsequently differences between
control serum (at 0 weeks) and serum at each time point were analyzed by using
a Bonferroni correction. For all statistical analyses, P values of <0.01 were
considered statistically significant.

Nucleotide sequence accession numbers. The sequences of each cf0218 were
deposited in the DDBJ/GenBank/EMBL database under accession numbers
AB444855 (FP1 Baker), AB444856 (Fe/B166), and AB444857 (Fe/C-38).

RESULTS

Identification of the cf0218 gene. Seven positive clones were
obtained by immunoscreening of the C. felis genomic expres-
sion library (1.5 X 10° PFU) with the cat serum raised against
C. felis. Phagemids were excised from these clones and partially
sequenced with M13 primers (see Table S1 in the supplemen-
tal material). Among them, one clone (clone E in Table S1 in

the supplemental material) was chosen for further analysis

since this clone (insert size, 2,241 bp) contained one open
reading frame (ORF), designated ¢f0218 (also named mhcB2),
for which orthologous genes were not found in the C. pneu-
moniae and C. trachomatis genomes (1). As shown in Fig. 1,
¢f0218 in the C. felis genomes is located in the region syntenic
with the transmembrane head (TMH) locus in the C. abortus
(41) and the C. cavige (33) genomes, whereas this locus is not
present in the C. pneumonige J138 genome (38) or the C.
trachomatis D/UW-3/Cx genome (39). ¢f0218 (1,146 bp) en-
codes 381 amino acid residues with a calculated molecular
mass of 42.0 kDa. CF0218 proteins from different isolates of C.
felis were highly conserved. For example, CF0218 from C. felis
FP1 Baker (isolated in the United States; accession number
AB444855) and Fe/C-38 (isolated in Japan; accession number
AB444857) exhibited 100% amino acid identity with that from
Fe/C-56. Only CF0128 from Fe/B166 (isolated in the United
Kingdom; accession number AB444856) showed one amino
acid difference at position 110 (G) compared with that of other
isolates (E). The TMH locus in the C. abortus and the C. caviae
genomes encodes several TMH family proteins with paired
N-terminal transmembrane motifs. For example, C. abortus
CABR764 and CAB766 and C. caviae CCA797 at the TMH
locus, which are TMH family proteins, had 25.0%, 27.4%, and
34.9% amino acid identities with CF0218, respectively (Fig.
2A). Furthermore, CAB764, CAB766, CCA797, and CF0218
possess similar bilobed hydrophobic motifs at their N termini
(Fig. 2B), which implies that CF0218 is a TMH family protein
of C. felis.

Expression of recombinant CF0218 and its immunogenicity.
Recombinant CF0218 was successfully expressed in E. coli
as a soluble fusion protein with GST (GST-CF0218) at the
expected size (Fig. 3A). To generate polyclonal antibodies
against CF0218, recombinant CF0218 was cleaved from
GST-CF0218 and then injected into a rabbit. To evaluate
the antigenicity of CF0218, recombinant CF0218 and puri-
fied C. felis EB were subjected to Western blot analysis. The
generated antiserum specifically reacted with GST-CF0218,
purified recombinant CF0218, and purified C. felis EB at the
expected size but not with GST alone (Fig. 3B). The C.
felis-hyperimmunized cat serum, which was used in the im-
munoscreening of the C. felis library, reacted with GST-
CF0218 and purified CF0218 at the expected size, but it did
not react with GST alone (Fig. 3C). On the other hand,
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FIG. 1. Gene arrangement of the TMH loci in the C. felis (Fe/C-56), C. abortus (S26/3), and C. caviae (GPIC) genomes and the analogous
regions in the C. preumoniae (J138) and C. rachomatis (D/UW-3/Cx) genomes. By screening of the C. felis genome library with anti-C. felis serum,
the positive clone obtained was placed at the TMH locus (between the [pxB and pmp genes; an arrow at both ends) in the C. felis genome. The
TMH loci are present in the C. felis, C. abortus, and C. cavige genomes but not present in the C. pneumoniae and C. trachomatis genomes.

Representative locus tags (and gene names) are shown on each ORF (arrows). Black arrows show putative TMH family proteins.

recombinant CF0218 was not recognized by the C. tracho-
matis-hyperimmunized rabbit serum, which showed cross-
reactivity with C. felis EB (Fig. 3D). This result agreed with
the fact that orthologues of CF0218 do not exist in the C.
trachomatis genome (Fig. 1). In addition, we also examined
cross-reactivity of CF0218 with non-C. felis chlamydiae.
Since we do not have available antisefa against C. abortus
and C. caviae, we used antiserum against C. psittaci Prk/
daruma, which is genetically more closely related to C. abor-
tus than to other C. psittaci strains by Southern hybridization
analysis (11). This serum reacted with C. felis EB but not
with recombinant CF0218 (Fig. 3E).

Expression of CF0218 in C. felis-infected cells. To determine
whether CF0218 is expressed during C. felis infection in host
cells, RT-PCR analysis was performed. Total RNA from C.
felis-infected or mock-infected HeLa cells was isolated at 24,
48, and 72 h after inoculation of C. felis and subjected to
RT-PCR using the primers specific for ¢f0218 and the gene
corresponding to MOMP (ompA) as a control for chlamydia
infection. As shown in Fig. 4, specific signals for cf0218 and
ompA were detected at 24, 48, and 72 h after inoculation of
host cells with C. felis, revealing that cf0218 was transcribed in
host cells during C. felis infection. By Western blot analysis,

lysates of C. felis-infected HeLa cells reacted weakly with anti-
chlamydial LPS, but no specific signal with anti-CF0218 serum
was detectable (data not shown). It may be due to low infection
efficiency of C. felis and/or the low expression level of CF0218,
although we have no quantitative data to describe the infection
efficiency of C. felis compared with other chlamydia species.
We next performed an indirect-IF assay to visualize CF0218 in
C. felis-infected cells. C. felis-infected (72 h postinoculation) or
mock-infected Hela cells were fixed and probed with anti-
CF0218, anti-chlamydial LPS, and DAPI for host nuclei and
apparent chlamydial inclusions (Fig. 5). The 72-h point was
chosen because the inclusions are fully developed (white ar-
rowheads in Fig. 5). Since the inclusions of C. felis are relatively
smaller than those of C. psittaci (data not shown), it is hard to
detect C. felis by DAPI staining except for the apparent inclu-,
sions. However, C. felis in host cells can be visualized by stain-
ing with anti-chlamydial LPS (red in Fig. 5). Specific signal for
CF0218 (green in Fig. 5) was colocalized with the chlamydial
LPS (merged images are yellow in Fig. 5) as well as the ap-
parent chlamydial inclusions (merged images are white in Fig.
5). The IF microscopic analysis clearly showed that the sub-
cellular localization of CF0218 is within the C. felis-formed
inclusions.
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