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Abstract: [Objective] We tested an insect cells-based liquid medium and its utility for the
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easy-to-maintain, fast and reliable system for cultivation of different Bartonella. [Methods]
Media composition and growth conditions were optimized using B. henselae and B. quintana.
The growth curves of the other ten Bartonella species were determined using the optimized
liquid medium. [Results] Glutamine and sucrose supplements did not affect significantly the
growth rate of these bacteria. A generation time of 5.2 h for B. henselae and 4.3 h for B.
quintana was estimated during the exponential phase of the growth curve occurred between
days 1 and 2 after inoculation. The twelve medical and veterinary important Bartonella species
grew well under conditions established and each exhibited unique growth characteristics.
[Conclusion] This liquid growth medium may provide an advantage over conventional direct
blood agar plating for analyzing Bartonella properties including antibiotic susceptibility and

resistance and pathogenicity.

Keywords: Bartonella, Liquid culture, Growth curve, Cat scratch disease
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Table 1 The origins of the Bartonella strains analyzed in the study

e é =1, N N
Hibk AR 45 mpksgr A S ORIR) SrHy fHE
Speci Abbreviati Strai Collection No. G hic orii Prlmary
pecies reviation rain name eographic origin

(Source) reservoir
ILFEEL/RIE{A B. henselae Bh Houston-1 ATCC 49882 (\) BTl il
T H# /R IEAA B. quintana Bq Fuller VR-358 (\) LIRSS A
57 [C /R4 B. clarridgeiae Bc Houston-2 cat 51734 (Jif) 5 E BT BN b
TEifE JRIE A B. koehlerae Bk C-29 700693 (%) [ A48 e T Vi
FFEFEM /RIE A B. bacilliformis Bb KC583 35685 (\) pis =3 A

SSCAR B 3 A A 7 e e

B. vinsonii subsp. Berkhoffii
SRR UL 23R T A o 537 I o

Bvb NCSU 93-CO1

51672TM (K) EEJLRZ R K

S i Bva OK 94-513 700727 (\) & [E P13k BA N R

B. vinsonii subsp. Arupensis
2% s

jcﬁalj\_ﬁmwﬂzﬁ_ Bw Baker VR-152 (F) IEON S A R
B. vinsonii subsp. vinsonii
PN 1 BV R @44 B. elizabethae Be F9251 49927 (\) 3 D 2N 530
FE PRI /KB A4 B. grahamii Bg NCTC 12860 700132 () | F
T8 5 BRI A B. doshiae Bd NCTC 12862 700133 () B[] Fil
R /R 844 B. tribocorum Bt IBS 506 CIP 105476 (F) HE Fil
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Fig. 1 Growth curves of B. henselae (A) and B. quintana (B)
TE: BRI 10% FCS B ARG IR EE; +GIn HI-Gln 235 2R BB ZEE; 45 24 h I 4018 BRI 600 nm

KT H oD 4.

Note: Bartonella cells were cultured in Schneider’s insect medium containing 10% FCS with glutamine-supplemented (+GlIn) or
non-supplemented (—GIn). Bacterical growth was determined by measuring the ODg in triplicates at 24 h intervals.
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Table 2 Growth curve of B. henselae in liquid culture depending on the addition of 5% sucrose
x+s® (CFU/mL, ODg values)

Culture days
+Suc® —Suc®

0 2.10x10%+2.65x10° (0.2020.00) 2.10x10°+2.65x10° (0.2020.00)
1 4.03%10%+5,77x10° (0.20+0.00) 3.27x10%+1.53x10° (0.20+0.00)
2 1.07x10%+2.52x107 (0.30:£0.06) 8.00x107+1.00x10° (0.26+0.00)
3 4.00%10%+1.00x10° (0.60+0.00) 6.00x10%+2.65%107 (0.80+0.00)
4 6.00x10%+1.00x10° (1.00+0.06) 7.33x10%+5.77x107 (1.1620.00)
5 3.30x10%+1.53x108 (1.30+0.06) 2.13x10%+1.53x107 (1.4420.00)
6 2.10x107+1.00x10° (1.37+0.06) 2.60x107+1.00x10" (1.51+0.06)
7 9.00x10°+3.61x10° (1.38+0.06) 4.30%10°+1.53x10° (1.51+0.06)
8 3.00x10°+0.00 (1.38+0.06) 1.70x10%+5.77x10° (1.51:0.06)
9 5.30x10°+1.15x10° (1.3620.06) 4.70x10°+2.52x10° (1.46+0.06)

Ter 2t USRS TS IR X 058 A 4 A | 35200, P>0.05; °: SIM RS 3R3K 8 i 59 EHH; © SIM RS 3R AR T i
5%JEHE.

Note: % There was no significance between +Suc and —Suc in B. hensela, P>0.05; *: The Schneider’s insect medium was supple-
mented with 5% sucrose; °: The Schneider’s insect medium was not supplemented with 5% sucrose.

R3 ANMETEN I EHABRBAEECH LR

Table 3 Growth curve of B. quintana in liquid culture depending on the addition of 5% sucrose
x+s® (CFU/mL, ODgy Values)

+Suc® —Suc®

Culture days

0 5.30%10%+5.77x10* (0.20+0.00) 5.30%10%+5.77x10* (0.200.00)
1 1.10x107+1.41x10° (0.20%0.00) 3.00x10°+1.00x10° (0.200.00)
2 6.00x108+1.73x10° (0.30+0.00) 4.30%107+1.53x10" (0.20+0.00)
3 8.70x10%+1.53x10° (1.43+0.06) 2.00x10°+0.00 (0.47+0.06)

4 8.30x10%+2.31x10° (1.80+0.00) 1.57x10'%+5.03x10° (2.130.12)
5 1.47x10%+4.16x108 (1.700.00) 7.00x10%+2.08x108 (2.07+0.06)
6 8.70x107+2.08x10" (1.70+0.00) 5.30%108+5.77x10" (2.07+0.15)
7 8.00x10°%+2.83x10° (1.70+0.00) 1.57x10%+2.52x107 (2.03+0.12)
8 1.10x10%+4.00x10° (1.63+0.06) 2.20x107+26.5x10° (2.00+0.10)
9 3.00x10%5.77x10? (1.60+0.00) 5.30%10%+1.53x10° (1.930.12)

T BSIRUR R IR T 10 B A RE A K3 35200, P>0.05; *: SIM 15323 i s in 5% 560, © SIM 553 h R 78

i 5% ERE.

Note: % There was no significance between +Suc and —Suc in B. quintana, P>0.05; ”: The Schneider’s insect medium was supple-
mented with 5% sucrose; °: The Schneider’s insect medium was not supplemented with 5% sucrose.
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Fig. 2 Growth curves of B. henselae (A, C) and B. quintana (B, D) in Schneider’s insect
medium containing 10% FCS depending on the addition of 5% sucrose (Suc)
TE: BIREEAUE N 2.00D; K AL B FI C. D 4r5ILIAE 24 h 415777 OD (AL AR Ktk (CFUIML) 2 il 2L K 2k
Note: The initial inoculated concentration was 2.0 OD; Bacterial growth was determined in triplicates by measuring the ODgg (A, B)
and by quantifying the number of viable bacteria (CFU/mL) at 24 h intervals.
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Fig. 3 Growth curves of 7 ATCC strains of Bartonella in Schneider’s insect medium containing 10% FCS
TE: & 24 h D@ 20 SR C7E 600 nm % T Y OD fH. Be: FFENYS I EL/RIER; By: ASHLOUIR /R A; Bd: JH & E/RIEK;
Bt: 45AI 2 EUREAA; Bva: SCERRIE A% T A, Byv: SCEREURIE AR SCERTE A Byb: SRR UL AR AR 722 0 A,
Note: Bacterial growth was determined by measuring the ODgq, in triplicates at 24 h intervals. The strains are, from the right legend:
Be: B. elizabethae; Bg: B. grahamii; Bd: B. doshiae; Bt: B. tribocorum; Bva: B. vinsonii subsp. arupensis; Bvv: B. vinsonii subsp.

vinsonii; Bvb: B. vinsonii subsp. berkhoffii.
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