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ZELLTh, FIWRWEDHLRLERLDOBILTHLL, BREDHTLH20IC
i, f5E 2 AMEOREEEL Y IR oML ERMIC b o TR T 5 LR
BhrLEZONE. Lo T, #HLANORE T, AT ONHELT
TEFYAOBELROTOILEEEE Bbh b,

OXWEZLNDEDIE, BRICE-oTYAZZRLTIETHA). L
L, ¥VROBE, FOEMEEINOELT, Ny —IZXHBEBRREETIE
B OB b o TRERZ RS T2 L 3Bl Bbhs. ok 23k
WETIE, ol dBWETIkM®H72Y) 0. 15HOF Y AP HES L TW
L. THICHUBEEETIE, ok dBWEILE 1km®H72h 0.86 B L,
SHETFHD 6 FLVFY ADPBLNZD, FORETHFVAOT7I) -
BAIBALR e dr o 72,

INOOBREE ST R, EEHRENBYHNEIRESRLTYS. Zh
i, BPEREE FEOBEERROSTOTIRE L, BEROBREREHFZ T
HEVIbOTHD. BEHITE, FHREE (REEICIBREIFLT
$2) RBEELEE (NA D) REAACESA L TEFY RMIAERSE, BERLL
FYAEREBHRLCESLTS. COFFEZRMIZFA Y TRHADNRI
Schelling et al. (1997) %, ¥V ADIF ) a9 7 ABEEROFH VE NV
'c5%mﬁw%§ﬂﬁuﬁ%%ﬁi@%ﬁé’;of‘1m¥%tbm~
0 EDEEHIEA YA MREA LS. 14 BHIC 6 BEAFAEITo /2L
ﬁﬁﬁm&%ﬁ@ot%v$@%m@%$i@%uirﬁytt.Hﬁ@
FEDILEE O ERIICRAON, FVAOIF ) Ty s ARERE TS
BENRMHET X /- (Tsukada et al, 2002, BEA&IZDY, 2002).

7275, ZOHETHTRTOFYRPRAS b EERLDIT TR, B
AL TLILBEETHL. T, BREEITZF U TREVAEDT
Bidh iz v, Thbb, —EHBREINLFVATS, X)) 397 ANF
BEL7EBAXIRENERSLLZOBELTLE Y. XA Mz ROl
BRI 572U LR LIED, I2EBETHLOLNVICER-TLED S
LR ENTVS (Romig, #E). Lo T, REFHIELHD
B R RLOLZENTERY, ZOFEOBERIZH o TIBANZR
T oBRTALENHLEEbN S,
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(2) BER®

FAI%EIE, Mononegavirales B Rhabdoviridae £ Lyssavirus B\ 53F
RIFT ANV L BEIRTH A, BRERIIFE LB OERF DO 1 VA
T, BOUOIRELLZEWICKEINDL Z L TRET S, TRTOMILEIET
HELL, BET5EBBOBICERMERALREL BT T 5.

e OBE, BELLEWIREINTERELTY, ¥ 1-3VH, ®RET
FT7TEEV)RIRERERBAND Y, ZOHVIZIIKREL TOREDOFE

ZWITE RV, BET S L BRRLERTER, WIERMOMERMEL & DIE
WO B, EITT 5 LB\, LR, WERESEL I, BEOHFEEITK
D L EBRVIEAZ L DRI T VRADEE, KEBTL LR LLD
EAE] &b Xidhs (B, 2000). Vot AFET A LIEFEEIT R L,
FIZ100% e T AEBLRERTH L. 7272, HERKIV 7 F U EHEIZL -
TFHTCEBH/ATLH L. ¢ MoOHa, BRIABIEWI L2 FHELT,
FIEBM IR E N2 B TL 22 BIly 2 F VL2 THEREZH S Z & 48
T&5,

OO ETHERIFOREEIK > TnH DT 18 AL LIETH 5. 1897 Eh b
BEEOERFREGBIARNICHRFINSL L) ITho/ds, Tharhbl,
REDYE =27 725721924 1213 1 MU 3205 BHO A X, 235 ADk hHYE
RFTHEL TS, THICHL, 1925 E15 VRO FHERELTR
RO FEE D HEIICHED b, ERREEHBIER L. 20%, $
TRH R KRB ST AT S o 72748, 1950 4 12§58 S N IE KT
FHEIZS EOX, FVWROESLFE 2 RO FHEES L U RAXOEERS
HELED O NER, BEHRIIBAL, 1957 FE01 TDER 1 i &k
WKWHERBOFEER R (ol LR, 1970 4F & 2006 F 2N T XK E
NTREBERRERELZZL POMAES 3 LERE, 50FIChizoT
OPETORELFEEIE L. LrL, ZOL) ZEIIHRETOIHTHY,
BX/E, B, —a—V—=5UF, KEERZEIL—HOEEZEBRVTH
CAELHRRTRAL TS, WHO (20065) O#FHTIE, 44 55000 Ak
FEZOERDLDIITEL 2oTEY, TODIHIL%IETIT, 4% 137
TVATRETVWS, 2oL 2RITRILE AL, EEOTRBEOEELIC
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Lo T, WHD O OBENCERRICRE LB RHLAT A MiERIRE
ETERV. ZOBREICL, BEbEARFHE BYWEETRETL, B
Y OIIEDILFER AR MBI 2 Fikd 5 2 &, HIEMICIZR ALK
PENDOOH L, LaL, WEOT VIR LEMOER, HNER»S OB
DA LR EOWMREEIIERE > TB Y, FRFRADOY A7 B3Ol
BT Eid\v, & ICIREEITIE, 4ER 4000-9000 £ ED R Y T DS
LTEBD, ZOHEENIAAPFEEOLNTVWELEVWIHEDDHL. b0
AXDPEAREOE FWICEELTWA Z XN UBEEINRTWS, Fit
—, D) BRELEBERIERRIZ»»PoTWT, BHEROL M4 X &g
DI, BYPEICHERFIBERET LI LD IDBDOTH A,

HOHETOPDOTORMATRICIE, FERFRZ FE L -EWIERICA X T
boleZ e, THRAR] L) aHdbdvFE o<, BEME TERFEXA
ZOFR] EVIA RV RRENLTH L. L L, WREICADLE, I
RIBNL 2 DDFAT NS — o 9B by, 7V TWIEL ALNS [HHEIET]
T4 XDBL ZBREEYWT, ChAICRIATE FERETAH0% L 45
NBEDIH L, BRKIZALND [FRMRBGAT] CIIBREEWIEE b ICEHAR
WTHD, & MOBREFIIHTH L. FHREFATICB 2 82 REEY
IR L o TRR Y, kTR TIA T, AH VY, avEY, I—1
YNTIEF VR E Lo TWAS,

¥4 %Y R ERRK

DOORE DN DO TOFATIIHHETH Y, HIEOBEOERFNED A X T
DHFATHIEZ ERE LTS, ZhE ToORELE UL, ThidRSen
WEWZ B, EEEICA INEZTTIVRICOWTIZRM S 5. %
Wb, LHEEICE, I—0v3Tho b b FELRREBWTHLF Y 2N
SHEBLTVEINLTHD, BB L I, vV FOEEHEEIZE
HTHbh, dviE, AN, WE, UNCERT S 3y X OBEGEIITRETS
. 1272, WOHDT—F ORI OWTEER B2 2 LA TE
A, 1 DRFHMETH A, duilE, RN, WE, NT, BRIV
YL Y A OBEME BT A7-0, FYANMEHEIEb LB E
Ao 72 1981 4 O F MR HME LR 2 0 #US O HFE TEl - 72 #8% (HIPD)
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%51 AARERNOFY FHELIEE (1981 £5).

vSELNTEE & (km®) HIPD * RFHEER CPH™
JbHEE 10177 78479 0.130 16775 0. 607
A M 9974 231120 0.043 298012 0.033
2 5 18802 0.000 29351 0. 000
Ju M 574 44437 0.013 62580 0.009
& 20730 372838 0.056 406718 0.051

* HIPD (hunting indicator of population density) = JF 43 5E %/ T
** CPH (catch per hunter) = FF S/ E

YAEF R ER Y F OO NV ¥ - TE o /2888 (CPH) 2 A TH L
5. RS IDPBHORR LI, E AN, WE, AMNOEE» 6
FEOEDOFY ADREINTWLZ b2 s, Fhflo7r—4% & LTRHE
HEOBEHENH D, HALEOEHEAER CTERKER lkm 70 1 FMOX
Y AOBEHIALEEILET L L, b ILEEOBEEER CIIAMNE O
EPrSHTHEDITRONTWEZ EDb2s (K5.10). INHLOF—%
b, EMZEEIEL2L2VLOO, dLHEEIEARMDE LD bids 20l
CDFIADPERLTWAEEZ LI ENTED,
CDEHIIIFVIDENILHEIL, b LEXNROBYIRALLZL, €L
TEFOEIHRF VA EBAIZL LG, REEOFY FERFWIEE L7
Ay, Lok, BRI/ AHIBIBALZLE, £ILWATHIERL
TV 72Dt [RAOHRAEERE] s3I Tnwb (EE, 1992).
Thbb, BEBWOREBEEEN—EL L2 T NTREIIEN LS, X
IR THBLTLEI EWI I ETHD. =0y I BT BERFIR
TOYAF I 7 2O THEGR 2S00 2 3 A 72 Anderson et al. (1981) i3,
ERICERBOHAT LA HIBOF Y A ORBENEFEEK, 2F0) [HAUE
BAICDL Y9 B57) M= Ix[7) M) —NOEGEH GBE 2T ]
i3, BEALOBE /KM UETHoELTWDE, FYAOEREITT—
Oy S THIBETORECEDLRWVWEEZONLOT, JLiEEICD 2O
EXEHTIHT L ETIUE, FTFVRDHVIZFERFEILN L0 L) 2T,
WODBEHA L km? 70 LU LEWAE N E ) D2 doTL 5.
Baledts, BELEBEOX Y FORBNAREISHATH L. LirL,
HIR L7z &)1, JbHEEREORELE TIL 1987 FLK, #iE7 73 —
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L
JeHEE A mE i
510 HAFREEOERERIZBITLFY AOXEEREEGE (HE/kn,
1993 4E). (KFE®] - 80 - MM, 1998 & h&E)

OEDFFEEINTEY, FhiZXsE, bokbEh oI, 73kmd
DREMWIZI D77 I —ER LTV (K5.2). ZhANZOHIBEOER
BEOLBRTHDLTNIE, RENAEEIZ08 L2, I—0 v DS
FEEEIZIIELLZVWDOORRDIEWEICR A, FNTIE, JLlEERDIZ
POHIETIEE D O, 5%, LBECHAERY, L IFFFVRIAE
RIRIEHWHREM R HIBT L, 20 A7 25T 57-0121%, LiEEAD
FVAOEBEREVGSH LEZLONS,
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Abstract

Six cats were inoculated with Bartonella henselae strains A and B, which were isolated from the same naturally infected cat. The numbers of
CD4™ cells decreased following the infection. The levels of bacteremia were significantly correlated with the expression levels of IFN-y mRNA
during the various stages of bacteremia and elimination of the bacteremia. Furthermore, the lower levels of TNF-o mRNA expression during the
bacteremia related to the emergence of higher levels of bacteremia. These results indicate that the activation of cell-mediated immune responses,
including IFN-y and TNF-a production, play an important role in elimination of B. henselae from bacteremic cats.

© 2009 Elsevier Masson SAS. All rights reserved.

Keywords: Bartonella henselae, Cat-scratch disease; CD4; Cytokine; Thl

1. Introduction

Bartonella henselae invades feline erythrocytes and endo-
thelial cells, suggesting that the agent belongs to an intra-
cellular pathogen family [1]. Cell-mediated immune response
(CMI) plays critical roles in eliminating intra-cellular patho-
gens from hosts. In cases of cats naturally infected with
B. henselae, however, T helper 2 (Th2) cells were predomi-
nantly activated and resulted in incomplete elimination of the
organisms from the cats [2].

Cats infected with B. henselae develop a persistent infec-
tion {3]. Although relapsing bacteremia was observed in the
naturally infected cats, short duration of bacteremia was
demonstrated in cats experimentally infected with a labora-
tory-cultivated inoculum [4,5]. Multiple infections with
genetically distinct organisms were observed in the naturally
infected cats, suggesting the possibility that multiple infection
with genetically and/or antigenetically different B. henselae

* Cormresponding author. Tel /fax: +81 466 84 3377.
E-mail address: kabeya@brs.nihon-u.ac.jp (H. Kabeya).

1286-4579/$ - see front matter © 2009 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.micinf.2009.03.008

may play a role in developing the persistent infection in
cats [6].

In the present study, specific pathogen free cats were
experimentally infected with one or two different B. henselae
strains isolated from a naturally infected cat and the kinetics of
bacteremia was compared between the groups. Furthermore,
host immune responses including specific antibody, CD4/CDS,
and cytokine mRNA expressions were continuously monitored
throughout the experimental period. The relationship between
levels of bacteremia, Th1/Th2 cytokines and other immune
responses were examined to elucidate the immunobiology
behind long term relapsing bacteremia.

2. Materials and methods
2.1. Experimental animals

Six 5-month-old male SPF cats (Nos. 1—6) were purchased
from Liberty Research Inc. (NY, USA) and were used in this
study. Before the experiment, these six cats were confirmed to
be free from any Bartonella infection by serological and
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bacteriological examinations. They were housed individually
and blood samples were collected at —3, 0, 3, 7 and 14 days
post-infection and following every 12—16 days of the exper-
imental period of 210 days. Animal care was carried out in
accordance with the guidelines for the care and use of labo-
ratory animals by the College of Bioresource Sciences at
Nihon University. '

2.2. Infection of Bartonella henselae strains derived from
a naturally infected cat

B. henselae strains A and B were used for the inoculation.
These strains were isolated from a naturally infected cat in
Japan and were confirmed as B. henselae by PCR [6]. These
strains have been found to show different patterns in the pulse
field electrophoresis analysis and both strains were 16S rRNA
type 1 in a previous study [6]. Cat Nos. 1, 2, and 3 were
inoculated with 1.0ml of the suspension of strain A
(1 x 10’ CFU/ml) subcutaneously. The other three (Nos. 4, 5,
and 6) were inoculated with 0.5ml each of strains A
(1 x 107 CFU/ml) and B (1 x 107 CFU/m]) subcutaneously.

2.3. Isolation and viable colony count of Bartonella from
cat blood

One milliliter of blood was collected in an EDTA-tube
(Terumo, Tokyo, Japan) and used for isolation as described
previously [2]. The numbers of colonies formed on the plates
were counted and the colony-forming units (CFU) per ml of
blood were calculated. The isolated bacteria were submitted
for Bartonella species genotyping using the method previously
reported [6].

2.4. Analysis of antibody responses to B. henselae in cats

Titers of 1gG against B. henselae were determined by an
indirect immunofluorescence antibody test (IFA) as described

provisionally considered as positive as defined in previous
reports [7].

2.5. Flow cytometric analysis

The peripheral blood mononuclear cells (PBMC) were
prepared from cat blood using the Lymphocyte separation
medium (ICN Pharmaceuticals, Inc.-Cappel Products), and
were labeled with the culture supernatant of the hybridoma
which produce anti feline CD4 (4D9) or CD8 (10C7) [8,9] and
following with FITC-labeled anti mouse IgG1 rat antibody
(1:2,000, COSMO BIO, OBM, Tokyo, Japan). All samples
were analyzed on a FACScan Calibur (Becton Dickinson, NJ,
USA).

2.6. Induction of cytokine mRNA expressions and RNA
preparation

Cytokine mRNA expressions were monitored by using
quantitative reverse transcriptase PCR as described
previously [2].

The cytokines examined in this study were Interleukine-12
(IL-12) p40, interferon-y (IFN-y), tumor necrosis factor-
o (TNF-a), IL-10, IL-4, and transforming growth factor
B (TGF-B). The sequences of the primers for each cytokine
and the annealing and fluorescence acquisition temperatures
are shown in Table 1.

2.7. Statistical analysis

Unpaired Student’s t-test was used for comparison of the
number of bacteria and the duration of bacteremia between the
cat groups. For comparison of the percentages of CD4¥/8%
cells between the stages, data were analyzed by paired Stu-
dent’s r-test. Pearson correlation coefficient was calculated for
the analysis of correlation between the mean number of
bacteria during the bacteremia and the relative cytokine

previously [7]. Plasma samples with a titer of 64 were  mRNA expression. Student’s t-test was used for the
Table 1
Sequences of primers and annealing and fluorescence acquisition temperatures used in this study.
Target Primer Sequence Accession No.* Annealing Fluorescence acquisition
temperature (°C}) temperature (°C)
FelL-12 p40 5 GGA GAG CCT ACC CAT TGA AG Us83184 58 83
3 ATT CCC AGC TCA CTT CCA CA
Fe IFN-y 5’ GGA CAC CAT CAA GGA AGA CA D30619 54 82
¥ AAC AGATTC TGG CTC CTT TT
Fe TNF « 5 CAT GTA GTA GCA AAC CCC GA M92061 58 87
¥ GAC CCT GGT CTG GTA GGA AA
FelL.-10 5! GTG GAG CAG GTG AAG AGT AC U39569 58 82
3 AGT CCA GAA GAG TTG CAT CC
Feline IL-4 5 CCA CGG CCA GAA CTT CAAT X87408 60 86
) 3 GGT CCT GTT TGC CAT GCT
FeTGF-B .5 CAATAATTC CTG GCG CTA CC Y425617 58 87
3 AAC CCG TTG ATG TCC ACT TG
Fe GAPDH 5 GAG AAA GCT GCC AAA TAC AB038241 53 86
3 ATA CCA GGA AAT GAG CTT G

? The references of the mRNA sequence of the genes in DNA data bank.
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significance test. For each test, a P-value < 0.05 was consi-
dered significant.

3. Results

3.1. Viable colony counts of B. henselae, IgG titers in the
infected cats

During the experimental period, all the cats developed
bacteremia at day 7 post-infection (1 ~ 1.2 x 10° CFU/ml)
(Fig. 1). The bacteremia lasted for 62 days in cat Nos. 1, 2, 3,
and 6, and for 78 days the other two cats. The highest number
of bacteria found in the blood was obtained at day 28
(123,832 CFU/ml) in cat No. 4. This cat also showed the
highest mean number (38,526 CFU/ml) during the experiment.
Following the end of the first period of bacteremia, a slight re-
emergence of bacteremia was observed in cat Nos. 1 and 3 at

H. Kabeya et al. | Microbes and Infection 11 (2009) 716—720

days 126—182 (2—634 CFU/ml) and 98 (1253 CFU/ml),
respectively.

Specific IgG titers of 64—128 were detected in all cats at
day 14 (Fig. 1). The titers increased following an emergence of
bacteremia and reached their maximum level in each cat (at 28
days post-infection, 4096 ~ 8192) (Fig. 1) Although a change
of antibody titers between 512 and 4096 was observed in all
cats, the titer decreased to 512 or 1024 at the end of the
experimental period (day 210).

All the cats did not develop any significant clinical symp-
toms throughout the experimental period.

3.2. Changes of the number of CD4% and CD8™ cells
in cat PBMC

In order to examine the changes in immune responses
including the populations of CD4" or CD8™ cells in PBMC
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Fig. 1. Time course of bacteremia and IgG responses against B. henselae in experimentally infected cats. The number of viable bacteria counts in peripheral blood
and the titer of specific antibodies to B. henselae (Houston-1) were monitored until 210 day post-infection. The number of bacteria was expressed as colony-
forming units (CFU) per ml of blood (gray bars). B, henselae-specific IgG titers were determined by IFA (closed circle).
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and cytokines mRNA expressions in PBMC in cats during
bacteremia, the state of bacteremia was separated into 4
stages: Stage 1 (pre-infection stage: —3 and 0 days of infec-
tion, D.O.L), Stage 2 (post-infection without bacteremia: 3
D.0.1), Stage 3 (bacteremic period: 7—68 or 84 D.O.1), and
Stage 4 (four weeks after the end of bacteremia: 84 and 98 or
98 and 112 D.O.L).

The populations of CD4" or CD8™ cells in PBMC were
examined using flowcytometry and compared between the
stages (Table 2). At Stage 1, 6.1-19.7% and 22.2-47.6%
were positive for CD4" and CD8", respectively. The
percentage of CD4™ cells significantly decreased by between
4.6 and 11% at Stage 2 (P < 0.01) and remained at low levels
(4.4%—14.5%) during Stage 3 (P < 0.01) in 4 out of 6 cats. At
Stage 4, the rates (5.9—21.5%) recovered to similar levels to
those shown at Stage 1 (P = 0.13). The rate of CD8" cells kept
relatively constant throughout the experimental periods except
Stage 2, when increases and decreases in rates were observed
in cat Nos. 1, 6, and 5, respectively. Any statistically differ-
ences were not observed in the percentages of CD8™ cells at
Stages 2—4 compared to Stage 1 (P = 0.26—0.34).

3.3. Correlation of levels of cytokine mRNA expression in
PBMC and bacteremia

We examined the correlation coefficient between mean
number of bacteria during each bacteremic stage and the rate
of changes in cytokine mRNA expression. The correlation
coefficient over than 0.500 was observed in the levels of IFN-y
mRNA expression during Stages 3 (R*=0.702, P < 0.05) and
4 (R*=0.733, P <0.05), respectively. Although it is not
statistically significant, the reciprocal numbers of the levels of
TNF-o. mRNA expressions also showed an association with
the mean number of bacteria during Stage 3 (RZ=0.510.
P =0.11).

4. Discussion

Populations of CD4" cells decreased in all the cats exam-
ined post-infection with B. henselae and gradually recovered
to the similar levels at pre-infection. There are no previous
reports examining the CD4" and CD8" cells in B. henselae-
infected cats. Pappalardo et al. [10] reported the reduction of
CD8™ cells in Bartonella vinsonii subsp. berkhoffii inoculated

Table 2
Percentages of CD4" and CD8™ cells at four stages of experimental period.

dogs These findings indicated that the influence on CD4/8-
positive cell populations would be different in each infected
host and/or in each Bartonella species. It is important to
understand the mechanism by which infection with
B. henselae can cause a reduction of CD4™ cells in cats in
order to develop effective therapeutic interventions.

Statistical analysis revealed that a significant correlation
exists between the level of mRNA expression of IFN-y and the
mean numbers of B. henselae observed in cats. The cats with
high levels of bacteremia showed a tendency to produce higher
amounts of IFN-y mRNA during Stages 3 and 4. This result
indicates that stimulation by the infecting bacterium specifi-
cally induced Thl immune responses in cats. The induction of
IFEN-y by B. henselae was also shown in experimentally
inoculated mice [11—13]. In mice, IFN-y plays a role in
killing B. henselae from an infected macrophage cell line by
stimulating the macrophage and inducing the production of
nitric oxide [14]. In this study, we also found that the
production of IFN-y by B. henselae may result in the rapid
elimination of the organism in cats.

Lower levels of TNF-oo mRNA expression during bacter-
emia (Stage 3) contribute to the emergence of higher levels of
bacteremia in cats, suggesting that TNF-a plays a critical role
in the prevention of B. henselae growth in cats. CMI, induced
by Thl immune responses including IFN-y, and TNE-
o production may be critical for the reduction of B. henselae
from infected cats. We have previously reported that IL-4
mRNA expression, but not IFN-y, was selectively promoted in
naturally B. henselae-infected cats showing persistent infec-
tion and relapsing bacteremia [2}. The induction of Th2 is
known to suppress Th1 immune responses and may contribute
to the establishment of persistent infection in naturally infec-
ted cats [2,15].

Patients with cat-scratch disease (CSD) show significantly
higher circulating levels of IL-2, IL-6, and IL-10, but not IL-
12 compared with healthy controls [16]. However, IEN-y and
IL-4 were not detectable in the patients. These contradictory
patterns of cytokine production between humans and cats may
explain the differences in the pathogenesis of B. henselae
infection in different host species. The bacteremia found in
experimentally infected cats in this study was no more
detectable by day 62 or 72 after the infection, whereas it is
known that CSD patients suffer from the disease for 2—4
months although the patients rarely develop bacteremia for

Cat No. % of CD4™ cells (SD) at*: % of CD8™ cells (SD) at stages .
Stage | Stage 2 Stage 3 Stage 4 Stage 1 Stage 2 Stage 3 Stage 4

1 102 (1.7)° 8.3 53(LD 103 (1.2) 22.7 (1.6) 309 24.1 2.0) 229 (1.4)
2 4.1 (1.1 6.2 6.0 (1.0) 10.2 (4.0) 343 (9.9 356 36.0 (1.5) 319 (1.5)
3 19.7 (8.4) 10.7 14.5 (6.3) 14.4 (2.8) 458 (2.8) 43.4 42.8 2.7 43.3 (0.3)
4 19.7 (1.7) 1.4 11.6 (2.8} 21.5 (10.5) 43.2 (4.6) 44.8 402 3.4) 37320
S 9.1 2.0) 4.6 9.1 (1.0) 59 (0.2) 47.6 (16.0) ©248 48.6 (8.2) 50.7 (4.4)
6 6.1 (0.7} 6.0 4.4 (0.6) 7327 22.2(9.0) 57.0 215 (LD 24.1 (2.8)

* Stage 1: Pre-infection with B. henselae: —3 and 0 days of infection (D.O.1)}; Stage 2: Post-infection without bacteremia: 3 D.O.L; Stage 3: During the
bacteremia: 7—68 or 84 D.O.1; Stage 4: Four weeks after the end of bacterernia: 84 and 98 or 98 and 112 D.O.L
® Percentage of the positive cells. Standard deviation (SD) has been shown in the parenthesis.
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that entire period [17). It is also reported that patients infected
with Bartonella quintana show an overproduction of IL-10
which may contribute to the establishment of bacterial
persistence [18]. These results also suggest that Bartonella
infection induced different patterns of cytokine production
which may affect pathogenesis in each infected host.

Significant differences in the number of bacteria and the
duration of bacteremia were not observed between the cat
groups inoculated with only B. henselae strain A and both
strains A and B. This may be explained by the possibility that
strains A and B share common antigenicities and induced
similar immune responses despite the fact that these two
strains show different PFGE patterns. A relapsing bacteremia
was observed only in the cats infected with strain A (Cat Nos.
1 and 3) in this study. Werner et al. [19] also reported that cats
infected with a laboratory strain of B. henselae developed
relapsing bacteremia. Comparing, Arvand et al. [20] reported
that prolonged B. henselae bacteremia was caused by rein-
fection in naturally infected cats. More studies are necessary to
reproduce experimentally the relapsing bacteremia observed in
naturally infected cats.
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1 O Bartonellosis

ER, RES L U@

BACKGROUND, A‘ETIOLOGY AND EP]DEMIOLOGY

NV R ARSEISIV R RS (Bartonella) BOMEIT X
AEE R EREYRTEEECH LTS ONEBHRTH
Bo 2NV A TBEIMRLYE, ERMARATEEDS T A
TEHME T, 7Y 5 (Brucells) BHLRLEHZTHY
HEMEE O Agrobacterium & Rhizobium (ARKIE) DOFET
H5B,

ChITI, SESERMAEEBEEL TS5 20FES
#HEShTws (BR29), $NTOHEETIHEHSND
FTHZWAS, SV A TBEOBRROT A 7 VI
HIBOMIFHEET (maintenance host) HEELTEYH, £0
B EEESE TRERTH 2, T/, HEBEEHOBE
(EHBI RO RIS LT b, LL, ZORE
BhOANTHEBEEZUNOBE OB, FHOBRE
WEBEICIIEIDLZENUFIPLIER STV, N
VAT BEIBEBENBESIIBET EDPEPIIONT
HiFEAYEL R TR WA, T 2 L B BRAEIR
2RL, FOERIEECHCREN 2D 0P L HH 2
bOFTEIEETHAE, LeLads, "NV IMNFIEHE
BHELZ2BMBHNEHREATERESEI THL, HFEE
3T A REOEE AR ILEOHEL S, ThbH Dk
BIBFEILE o TERELIVWIARZVWI EFBEL P LT
72,

BIZBT BNV A SEOREE, RitBTAab0Lid
BhabE: N5, Wi Baronella henselae DHERIEE
Thh, RKELa-oy N ATIEEb e POBRRIBESLT
WAHETH L, TLMHIMO 2 WD B, clarridgeiae &
B. koehlerae DMFBETbH 5, BARIREET B, henselae
FRICERERIT LV EEN RGN, I Ted
otze LAL, $HARETIBWT, B henselae DEEZEH
WICERERTFERT L 2 & ITERMICIEER 2 h, Bl
HEEOBEARD L MR TF L LT B henselae "5
LTVADOTRBRVPLEZONRS LI o TE X
B, EEUTERTELVD, REAVIATEED
HEEILELTES L Ty s HREIED TEY, X
Bartonella vinsonii subspecies berkhoffii \IRMERIICERST 5
EFHLhTEY, ¥, RRIOBEFEES LV
SEMBRETABEFH D, LL, ZOREMEERELZD
b, APEOKEETH 0P EITHTH S,

Richard Birtles.”/#LIl #—

Buh

NIVERXSBEONT2—& L TOEEENM)
Arthropods as vectors of Bartonella species

NV EATBEONY ¥ — L LTORRBYOREN LD
(BRBENTEVE 0D, ZOMEOEEICHE L T
ENTWBERIEEED THHE v, F 23
(Ctenocephalides felis) (BIX 114) 2 X > T B. henselae 0
EBRBREFEMEORS L REEKRESE (SPF!
specific pathogen-free) DI~ L7z, 2NV b A& F13REYS
JIoRBIcE S h, RLHKk 9 HODEE/ I 0EHhL
BB, ST, BE/ I0EE SPRBICENKE
Lick s, HMEEAFRTHIEHALL. 208
2, B. henselae DD SHEA~OEIEIL, / T L h RS
BEARMEh, /IORBRCTEREFHML, Ehodi
iR E, BRI -2 EHD L CIERED» L ORER
AT X W BBECBRET A L) T EPHL PR
720

B. vinsonii subspecies berkhoffii DRI B8 ¥ A F i
Zwh, BEMNRTFEY ST KT OEEICES LT
DUHEMEDODH 5 T LFTFREINT VD, ZORMOBREY
bbb ARFEFMLILZ A, PEBHEOXEE
BARICHSN, BEIBHERY IS =ORBE b7z L
HHIBE L T %, &512, B. vinsonii subspecies berkhoffii &
o< & WA ERBEERO RSSO HHEICRE TnL
Z ENHIBR LTV 5, PCR (polymerase chain reaction . #
AT - FEMEIE) ECLAKELI-T v NIBITZ
v 5= (M3 115) OBHNEPS, WO ERYH <2
-t AREREURED N P RS BH ORI IER
[EVBEFPREE TV A,
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Bartonella 5% HWIEE W& A OB

B. alsatica B X
B. bacilliformis = S X
B. birtlesii FEARH AR O/ BLIE X
B. bovis & X
B. capreoli J8avh X
B. clarridgeiae ] \%
B. doshiae FEARIHF O/ PLIE X
B. elizabethae PR \%
B. grahamii FEAA b 0>/ M PLIE X
B. henselae ] \%
B. koehlerae i \%
B. peromysci YATYRXR X
B. quintana <l X
B. talpae ®TI x
B. taylorii FEAAIH O/ HILAE 4
B. tribocorum Zwv b X
B. schoenbuchii JRAYH X
B. vinsonii subspecies arupensis FEHRHEE O/ PR X
B. vinsonii subspecies berkhoffii a3a-F \
B. vinsonii subspecies vinsonii FEHA M O/ ILAE X

i
!

UK DEEICLB),

114 3./ % (Ctenocephalides felis) (Merial Anim

al Health
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FI D Bartonella henselae & & U Bartonella clarridgeiae B
Bartonelia henselae and Bartonella clarridgeiae infection of domestic cats

B. henselae & B. clarridgeiae DRER & L TOHDRENL,
HL ORI TIRELEREYWE BV IHEIC LT
BHOAICENTEL, BRIOBINOSOATFEHLE
40T, AT 20 HELET 7,000 BL LD IZOWTET
bhiz, &b LT, HREBRTHEINLHD 15 %I
BLTED, 27 %PFBRICERLTWZILPFRINTY
5 q

—E DO TIX, B. henselae DEPRIZHEBELRENRE S
RTBY, BV A2 2BO L5 OBERPRENTV S,
BlECESTAEBEFE 30FEFHb 2L, L
THrZ L, BEHTH LM RERZATAT IR TV
PRETHE, <y FOBTIE, EREFIZ6 D ABLT
DWEMELTwDL L, RERRLILENTELPER
BCThorzb, TLIELEAETHLILETHS, ¥
7, BERIBELREATALACLEORENT S, B
henselae ¥LARBMER I, XERIT LY bEHOHTE L,
T, PEBLUREAS VIV FETORERSE L

112 Arthropod-borne infectious diseases of the dog and cat

FEDFAETIE, B henselae Bf T R TREMMTITE A E Ry
COMMEMRRIBERESEOHEETFCA 2/ 3 (CL feli
DBHICERL TV EBbNE, EHBOBIBIT
Fiff, FTLRBRECHEM L ZBOBEZOEY & LB
TWwEDhd Lhizv,

WD B. clarridgeiae TBHx\L B. henselae DEEFIZH A
FRIZEBL WL S TH B, B henselae e S iz
BEOXEELT TB. clarridgeive PRE I NTH ) , T
PO ESNTBETOB. henselae BEFEDIT ) BWEIT
Vo 7, BEBHEO 80 %Ll LA B henselae X RHE
TWizDIWH L, B clarridgeiae® RH L TV 7281,
2S%REITER, LaL, BEFEHRHSA TS
Vv L B henselae DEEBE LI DTH Y, |
clarridgeiae TEER O b D TIL %\, B, clarridgeiae O #!
B3 # L B. henselae L D ARESI N TV 5, TOEEIL
ETIHIIE ACHRB IR GV, T —a v e BETIE-
BEICAENE, £/, I—0vATE, ZOEBIGTL
BEBECAAL T2, EELA A Y IVFETILE
ELARWE I THA,

E# MES WREN® i AN E B E

KB 1994 X 2,1995 X 4, | H, S 128/323, 40% 912/2910, 31% BH, BC
1996, 1998

SN 2000, 2002 H S 34/360, 9% 61/148, 41% BH

1X5TI 1996 NT 45/114, 39%

14y7 2002 X 2 HS 24/264, 9% 98/427, 23% BH

AL Y 1999 H, S 9/14, 64% 40/74, 54% BH, BC

ITTh 1995 NT 8/42, 19%

A~ PSUT 1996 H S 2777, 35% NT BH

F—-ZMJT 1995 NT 32/96, 33%

*54 1997 H, S 25/113, 22% 85/163, 52% BH, BC

LA H—N 1999 NT 38/80, 47%

LN JIT 1996 H S NT 28/119, 24%

XA X 1997 H S NT 61/728, 8%

AT —F> 2002, 2003 11100, 1% 73/292, 25% BH

a4 2001 76/275, 28% NT BH, BC

F 1 AFE 2003 H, 8 5/61, 8% NT BH

Fow—1 2002 H, S 21/93, 23% 42/92, 46% BH

() 1997, 1999, 2001 H, S 33/293, 1% 107/713, 156% BH, BC

A& 1995, 1996, 1998, H, 8 181/2170, 8% 731670, 11% BH, BC
2000, 2003

za-Y=-5vK 1997 8/48, 17% NT BH

Sy — 2002 H, S 0/100, 0% 1/100, 1%

T4UEY 1999 19/31, 61% 731107, 68% BH, BC

IS5V 2R 1985, 1997, 2001 H, S 129/594, 22% 202/500, 40% BH, BC

RV R H I 1995 NT 2/14, 14%

HmrI7Uh 1996, 1999 H S 1131, 3% 11/52, 21% BH

*EEICLBIMEOH

H=ZAMAEME, S=EFFRMb L ZREBERATEET 2, NT=FRIRE,

BH=Bartonella henselae, BC=Bartonella clarridgeiae
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