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Isolation, identification, and biological characterization of
Klebsiella pneumoniae from Ailuropoda melanoleuca

LI Min"', SU Xiaoyan#z, LI Xueying', ZHANG Huanrong '
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Abstract: [Background] Klebsiella pneumoniae, one of the common opportunistic pathogens after
Escherichia coli, can lead to hemorrhagic enteritis and systemic sepsis in giant pandas (4iluropoda
melanoleuca). [Objective] To identify the biological characteristics of K. pneumoniae from giant pandas
and provide scientific guidance for the prevention and control of the disease. [Methods] The biofilm
formation, high viscosity, drug resistance, and 15 common virulence genes of 46 strains of K.
pneumoniae from A. melanoleuca were studied via crystal violet staining, string test, K-B disk diffusion
method, and PCR, respectively. Further, we selected an isolate (pneumoniae-X-5) that may be
pathogenic according to the above biological characteristics to study its pathogenicity in mice. [Results]
All the 46 strains of K. pneumoniae could form capsule, among which 12 strains showed the phenotype
of high viscosity and 65% (30/46) of the strains could form biofilm. Among the strains, 58% (27/46)
were multi-drug resistant and 100% were resistant to ampicillin, oxacillin, penicillin, and vancomycin.
Of the virulence genes, ured had the highest detection rate of 91.30% (42/46). The LDsy of
pneumoniae-X-5 in mice was 8.9x10* CFU/mL. The mice challenged with this strain had thickened
alveolar septa, inflammatory cell infiltration, hepatocyte degeneration and necrosis, splenic congestion,
separation of duodenal mucosal epithelium and lamina propria, and partial cell necrosis in the lamina
propria. The spleen contained the highest amount of bacteria in the dead mice, followed by the liver.
[Conclusion] This study elucidates the multi-drug resistance, biofilm formation, high viscosity and
other pathogenic characteristics of K. pneumoniae from A. melanoleuca, providing a scientific basis for

the prevention, control, and clinical treatment of K. pneumoniae disease in A. melanoleuca.

Keywords: Ailuropoda melanoleuca; Klebsiella pneumoniae; high viscosity; virulence gene; drug
resistance; pathogenicity; pathological change
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PEMULAE , 5 Z AU E LTSI

W T KRR N 16 2y fa B L 2h W), BOR B
A RS, WEHER, X ATLEFR KRR
FREB I (1932 W -5 Bl 1 3 2 FL i PARAE AR A
AT Bk, A% o R I i 48 5 B 11
PR R SR R R . AR W T
JLIN . AR AR TS iR 2 A O S
PEATRIESE,  ASHI W A o KRR Ui ¢ e 7 A1
BRI PR AE R O DR T i 48 e o 1 T S
Qe B AR BER A I

WEERE

1.1 #8
1.1.1 =

46 R I BEAN IR T 58 5 B 11 TR AR I 8 5 By
TAERAE I BE ATCC700603 , 34 Hy BL#ER A BB Al 25
BT S PR AR B
1.1.2 LI

6-8 JEIAMErE L IH/INEL 50 1, i A (2042) g,
W H AR IR RSB S G
1.1.3 EFRE. FTERXTMNSE

YL SRR (MCA)FI LB KRG IR 3%,
GG EAMEARGRAF . R, SUNE
Yk FR /A 7] ; DL2000 DNA Marker, KAR4=
R AL OB RZA Al ; PCR Y7 38514, A T4
Y TR BB ARA RS K. B, 115k
(Bio-Rad)A: i = 2% i A IR F] ; HIERBR R4
AR RIS A R A A A SRR ER R
4, bBlEREERHLAE; B TAER, WL?
HESTFRHARA .

1.2 75
12,1 KEEEEMRXRHHENEAMEE
TG A5 F T BRI 46 1y JCRES I At R 7 11

PRI A v B A AR HE B Bk ATCC 700603 i
TRARN TR, RIZRHEFT T MCA S 3R 3%, 37 °C
fEIREFR 8-12 h, WEEHEVRFHME, MAIETE
AT HE S LB R, LSS T T A S e oy
PE o SR S8 05 15 4 BRI 28 52 35 {11 & DNA
Bk, ZBESCHR[SIRH I se S 1A TE khe JEIRII%
TR SES | P51 T PCR 748 . F: 5'-ATGAAA
CGACCTGATTGCATTCGC-3'; R: 5'-TTACTTT
TTCCGCGGCTTACCGTC-3',,

¥ PCR ¥ 31T 1%5 R BEIL ) |
BT EIC RS RS MEL PCR P45 2% = 4
TAEY TR (i) e fin A R wl iy .
1.2.2 AR

M 5 [ i PR 1 52 35 % A 1 1323 (Clinical
and Laboratory Standards Institute, CLSIW? VS
K K-B 4% 7 A I K AR i 5Lt 48 e o A1 AT
XPBTEEPGAR . ZRTOMR . AERE 40 Fhm IR
WY EURE, BRIIEAYER 3K,
X3 288 3 ZELL 2 2 Y T AR R o 2
EINT 27
1.2.3 SRR R EE NI E

Z: HRSCHR [ 719 I S Al SR gL 32, XF 46 BRK
A U5t 8 v B 1 B8 AR A T A R ISR i e 7 il
JE , TE ODsos A0 2 WEOGARL . B RE TR M 3 IS,
WSROI . AR Wk BT 1t fig 4 2 s
K1 ODsys>4 ODc (%5 FAXT B& ODsos) Kyt i K BE
71, 2 ODc<ODs9s<4 ODc N 45 il IR 5B
ODc<ODsys<2 ODc W55 MAERE T, ODsos<ODc
R JCEE MR Y 1 g
1.2.4 Rk

W AR EZRIZE MCA Al |, 37 °C 5575t
W JE AR IR il A 7% 3R T, REH R R 22 HL
KEE>5 mm Ry FHPERER, FERZZKE<S mm W
FBATER MR A0 2 IR, EREEAE 2 k. i
I PH A TR R U A R B Al R e BT AL,
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1.2.5 FEfERE

FAT 2K IE ST 46 RRAT 9 v 17 B A 4%
FEE AR AR HER MR ATCC 700603 HE17 3 i 4
o, 1 6% M AR T AR A, Bk
SRR AR S ARG, BN 1 s
IKFEMRAT, Fas S50 A SR 1 5 T i H e
SE, P L 1-2 min [, A EIK

x1 FAEEARESHERAS MEE"
Table 1

Specific primers of Klebsiella pneumoniae virulence genes

Jeil B Wb a7 BH U e
1.2.6 FHERKEN

PL1.2.1 FREREE DNA it , 206 3CHR9]
w98 ve TR A B EE D BRI GR 1Dtk AT
PCR #°14, A0 K AEAS U5 98 ve 75 111 B i 75 )
FERHEAT RGO o 15 AU T AR DG 0w WL 85 ) 2
R R JEMEAN T E SR (rmpA . magAd), WE
AT SR (fimH . mrkD), J§ 2 WA 565 11 5

[10-12]

Virulence gene Target gene  Primer sequence (5'—3') Fragment size =~ Annealing
(bp) temperature (°C)
Capsules rmpA TACATATGAAGGAGTAGTTAAT 505 48
GAGCCATCTTTCATCAAC
magA GGTGCTCTTTACATCATTGC 1238 61
GCAATGGCCATTTGCGTTAG
Pili fimH TGCTGCTGGGCTGGTCGATG 534 50
GGGAGGGTGACGGTGACATC
mrkD AAGCTATCGCTGTACTTCCGGCA 340 51
GGCGTTGGCGCTCAGATAGG
Lipopolysaccharides wabG ACCATCGGCCATTTGATAGA 683 57
CGGACTGGCAGATCCATATC
uge TCTTCACGCCTTCCTTCACT 550 51
GATCATCCGGTCTCCCTGTA
Siderophores entB GTCAACTGGGCCTTTGAGCCGTC 400 60
TATGGGCGTAAACGCCGGTGAT
ybtA ATGACGGAGTCACCGCAAAC 960 59
TTACATCACGCGTTTAAAGG
kfu ATAGTAGGCGAGCACCGAGA 530 59
AGAACCTTCCTCGCTGAACA
aero GCATAGGCGGATACGAACAT 556 52
CACAGGGCAATTGCTTACCT
iutA GGCTGGACATCATGGGAACTGG 300 55
CGTCGGGAACGGGTAGAATCG
icuB ATGTCTAAGGCAAACATCGT 948 55
TTACAGACCGACCTCCGTGA
icuAd AATCAATGGCTATTCCCGCTG 239 50
CGCTTCACTTCTTTCACTGACAG
Allantoins alls CCGAAACATTACGCACCTTT 508 58
ATCACGAAGAGCCAGGTCAC
Urease ureA TCAGATAATCGGGTTGTGAACGGT 261 59
CGTCGCCTGGCCCGCGGCCT
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(wabG . uge), PRI KTE J) I (entB .
ybtd . kfu. aero. iutd. icud M icuB), IRZEN
TSI R (ured), VLN PR 3EZE A 5 1 7L A
(alls), SI¥15E5 PCRIBAIREILE 1,
1.2.7 4HE LDs BN E

TERTHR A g v, A I 31— bk A P 9 RO
BCRE 7o HA JEIE . /e L #E B ) BE H
% . %5 N pneumoniae-X-5 KK AESE I il 42
SEE AT, DRI DLk T b AT o v
H R IR 1) pneumoniae-X-5 WK TS,
PR TR RO B AT R 7x 107, 7x10%, 7x10°,
7x10°, 7x107, 7x10°%, 7x10° il 7x10"° CFU.
¥ 50 268 i I B/ N BERL SR 10 41,
R 5 Ho SRHE B ES T 5 5% 8 A
W FE pneumoniae-X-5 FREST 4 H 8 41,
Ho02mL. [A W, M4 ve 8 8 B AR 4 1 Bk L
7x10° CFU/mL 80 1 41 R WA /N B A BH
M, 0.2 mL. A HER K LRI Rl Aoy =0
FE S 1 B/ INEAE BT IR . s
WLZE A5 21708 BR RS PIOIR B0 S5 I AREE AR, IR 5%
B /NS BT B, R ek R IRkt
B LDs!"™ . THRAN
LDso=lg " [Xn=i(Xr0.5)]
s X 2 I 2 BOAE i B XM 5 7 SR AR5
PIXTEL S s Yp A BT B

TETREENT , 3R BCSCR R . BAPEXT
RECFNBA M RN AL BB, IS4 Z, BT
4% 11 22 5 P T 5 T (AL 2 T VAR FEOR A o AR
T 10-15 D) fe, 3% 2 s SR A Yk
A BRA Al AT il 45 F1 HE B, WA
B/ R A SO AR Ak
1.2.8 HLAFMENE =N

TELRAET, HEETFARSIRE 3 H
JE&e 710" CFU Jili R 5L KA1 pneumoniae-X-5
F ATCC 700603 SET-/NEUAY.Cr o HEL L il

B AEHZH, K/PZR 2 emx] cmx0.5 cm, JHAT
KPR 2 0.000 1 g BYHL T KRR 44
JEIMA S mL Jop A #ER K, FIJGH 55 ) BY i
202 5 FH TG B BB e 0 S S0 0K, P JCTA
AERER K 10 (SRS, HURAIL I T SRS 2
WIS, AR 3 A ER . BERRTE S
16 30-300 ZI[E] A9~V A7 3H 4, JFH A X
Y=5XIMx10"" TSR TS, RV
SCAR R F i, S Y R w2 2
W o X NWIETHEG M A FRIHL R ;
n WAL PRI, W, BEALHKECE
M b B BB IR G I R SO AATE khe Ff Rk
R, AT S R 1 28

2 ZREA

21 KREREFEMXRHHENEARMEE
ER

PR YIRS 5L B K R TR . 4
ST P BERa . BRI TR,
S 2 YL RS I 0 B AR 2 s e B
BOMMEFFE, A BN EERRHES . i gt
SLERAATE khe F ML A5 R BIR, 46 HEili
R AN B B R 1S 7 Y R UK S BI7E 500 bp
FBR/ME LA, 5 BB 498 bp K/
FHAE, ULRH 46 MR BRI Il R se B .
2.2 HHPIRELER

46 R BEAH M 58 5 B A1 TR 1) 245 O A
R 25 R o, JCRE IR 28 B {11 TR 43 8 o ket
NV ERR I ER ORI E 100%
Tif 24 , KB EEPE AR 22 P IR ZE N 242K 00 31k 97.82%
1 52.17%, X HABGUAE R (T 25 R8T 50%
(2 2), 58% (27/46) N Z E it 25 TH k.
2.3 HYIHIRF R RE NMELE R

Xif 46 AR REAN 5l R 5 B A1 DA A T AE 0k
T B RE e . S5 EoR, 13 BROT BN
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Table 2 Drug resistance test results of 46 strains of Klebsiella pneumoniae

Antibiotic species  Drug name Resistant strains (%) | Antibiotic species  Drugname  Resistant strains (%)
Polypeptides Vancomycin 46 (100.00) ! Beta-lactams Ceftazidime 0 (0.00)
Quinolones Enoxacin 2 (4.34) ! Cefixime 3(6.52)
Ofloxacin 1(2.17) Cefmatazole 1(2.17)
Norfloxacin 1(2.17) Cefepime 0(0.00)
Lomefloxacin 0(0.00) Cefotaxime 3 (6.52)
Fleroxacin 2(4.34) Cephalexin 3 (6.52)
Levofloxacin 4 (8.69) Cefazolin 6 (13.04)
Ciprofloxacin 1(2.17) Ceftriaxone 0 (0.00)
Gatifloxacin 0 (0.00) Cefoxitin 6 (13.04)
Aminoglycosides  Kanamycin 2 (4.34) Piperacillin 4 (8.69)
Gentamicin 3(6.52) Cefuroxime 2 (4.34)
Streptomycin 5(10.86) Cefaclor 5(10.86)
Oxacillin 46 (100.00)
Chloramphenicol ~ Chloramphenicol 14 (30.43) Aztreonam 1 (2.17)
Imipenem 0 (0.00)
Sulfonamides Bactrim 15 (32.60) Moxalactam 0 (0.00)
Trimethoprim 14 (30.43) Meropenem 0 (0.00)
Ampicillin 46 (100.00)
Macrolides Azithromycin 4 (8.69) Penicillin 46 (100.00)
Amoxicillin 45 (97.82)
Tetracyclines Doxycycline 24 (52.17) Cefperazone 3 (6.52)
Minocycline 7 (15.21) Ceftizoxime 0 (0.00)

T S IMICF R, 155 BRI 25 %

Note: The number outside the brackets is the number of strains, and the number inside the brackets is the resistance rate.

S T A IR RE T I R SR AR, 17 B
3 B KR Ry 55 BE M 7 AR W Bl B B ) 1 il 48 v TR A
W, 16 BRI B AR A IR (R 3).
24 hZREER

WE 1 RN, 12 BRI R 585 0B k= 2
fili 9 vE A A B AR, HEAY 34 MR A AL = B R R 4%
S A AT
25 EEFEER

K FH T SRR e (0,3 %) 46 Bk B A TR % e
TR AT IR A RS e, R BN, s
PR TR PR R R B (0 35 Ry 55 6, I s KA, 38
Rk 325 BT OO 1) IR R (8T 2), R HH 46 BRCRESN
VAt 9 5 TR AT TR 0 15 R R o TR AR R 2 T T K
SERE I IR

2.6 SHERKRMNER

KA PCR J5 kil 15 Fhdy WaE J1 3L R 1
46 R REAH IS R S0 B A R G I Dl . 4521
BN, FEJIREE ured KRS, N 91.30%
(42/46); B 1A makD . wabG . ugE BIK: H %
NI 84.78% (39/46). 82.61% (38/46).
80.44% (37/46); T 1K fimH . entB IRZ., #%
AT 67.39% (31/46). 63.04% (29/46), T
JIZENH iucB. iucA. ybtA. magA. rmpA K%
B, N 2.17%17.39%. H WAH A 2] () 7
TI R iutd Fl aero, MLAN, 1 BR4 B AR (R
5 A pneumoniae-X-5)[A i #4713 Fhai J1 LA,
31 BRAT B AR 57 FhEE 13RI, 3 BRATES
PR A Ao ) 1) 5 g S DR (B 3) 0
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x3 MREFEEEVRELRENPUNESR
Table 3  Results of biofilm forming ability of Klebsiella pneumoniae

Strain  Absorbance Standard Control  Result i Strain ~ Absorbance Standard Control  Result
No. value (ODsys) deviation E No. value (ODsys) deviation

1 0.613 0.068 0.225 + 24 0.401 0.029 0.131 +
2 0.416 0.120 0.035 - 125 0.150 0.009 0.283 -
3 0.568 0.176 0.273 - 126 0.542 0.064 0.140 +
4 0.678 0.081 0.141 + 27 0.291 0.076 0.155 -
5 0.606 0.058 0.138 + 128 0.491 0.059 0.265 +
6 0.251 0.012 0.115 - 129 1.261 0.126 0.271 ++
7 0.629 0.117 0.180 + 30 0.613 0.038 0.247 +
8 2.021 0.153 0.184 ++ 31 0.429 0.023 0.201 +
9 1.185 0.504 0.287 ++ i 32 0.434 0.141 0.261 +
10 0.381 0.011 0.196 - 133 0.468 0.020 0.177 +
11 1.438 0.356 0.222 ++ 134 0.799 0.471 0.187 ++
12 0.953 0.139 0.280 ++ 35 1.239 0.034 0.243 ++
13 1.189 0.319 0.254 ++ 136 0.435 0.295 0.130 -
14 0.390 0.046 0.22 - 37 0.321 0.04 0.243 -
15 1.012 0.264 0.289 ++ : 38 0.844 0.086 0.133 +
16 0.962 0.077 0.301 ++ 139 0.488 0.067 0.251 +
17 1.547 0.080 0.250 ++ 40 0.262 0.048 0.289 -
18 0.384 0.040 0.130 - | 0.326 0.021 0.155 -
19 0.461 0.074 0.149 + D42 1.327 0.138 0.154 ++
20 0.574 0.046 0.141 + 43 0.594 0.119 0.230 +
21 0.254 0.005 0.136 - D44 0.170 0.007 0.142 -
22 0.259 0.059 0.242 - 45 0.682 0.138 0.152 +
23 0.220 0.131 0.111 - 146 1.392 0.268 0.268 ++

TE: = B +: 8B ++: 4

Note: —: Negative; +: Weak positive; ++: Medium.

AFETT, 48 h NFET-HK 100%; HilEd
(7x10°-7x10" CFU)TERE G 11 h FFIRREgk k4
BET=, 7x10° CFU Fl 7x107 CFU #¢J¥4H 48 h N
TR 100%, 7x10° CFU W FEZH 48 h AL
T-% K 80% (4/5); (KFIELL(7x10°~7x10* CFU)
Wi, 7x10* CFU W 7E 24 h JGfligesbT=, 48 h

1 fRRBEEERFBRLRGAMN NIET-H N 60% (3/5), 7x10° CFU 2HIC/NEAE
Figure 1 Drawing phenomenon of high mucus

oo BAPEXTRETCAE T- BN 4 . AR ok K IRkt
AR H 4> B H AR pneumoniae-X-5 X/ FUA LDs
} 8.9x10* CFU/mL , 2B/ B £ pneumoniae-X-5

phenotype of Klebsiella pneumoniae.

2.7 HHE LDsy MELER

i 15 R REAR IR NG A 5E B {1 pneumoniae-X-5
AT /DRI B LA R (B R, SilEd
(7x10°~7x10" CFU)X & 5 h FFifh /R bGisE &

XN BRELAG R B0 T .
JiE i 3 5 il % 52 % A A pneumoniae-X-5
Ja . R/ R 2R, RN T R
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Figure 2 Capsule stain of Klebsiella pneumonia (1 000x). A: Partial sample Klebsiella pneumoniae capsule;

B: Klebsiella pneumoniae standard strain capsule.
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Figure 3 Detection of virulence genes in Klebsiella pneumoniae.

g, AEWESD, #EERELOLE, 2R
W, ARG, IRMICE, BEREAS R0/ RIRER
A MY AR TE SRR, SRR & 8] 2
Wb, HORIEE 2 FEKET B
R B {A R pneumoniae-X-5 RILT-/)N FRAEHEFP
48 h JE BRI IEEARAS, TR 48 e

TH B FRIE R ATCC 700603 114/ BRI FAE AR 45
AR 7] B e 1 119 il % 72 B3 A 8 pneumoniae-X-5 14
I RAEAR S . SRR RS . FET REAL, IR
il 4 i B A B AR E PR Ak ATCC 700603 Y ARFET™
INEREEFT 24 h JE B EIRIE o A FRER KOG REZH R
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JEHET /N B A T AR WSS, AT L I A 8 or

ZWREORFES MYy, B TP MR ik .

DEPRAT N BLR, WRNE BN G £4r

A, WENEYIREE, NpEESEE, IE . =

PG IR G it 28 S BR AT AR HE TR bR ATCC 700603 'E 2

o /NBUR BB, JIFIE . O, T A .

YLt R 5 B 1A pneumoniae-X-5 FJET-/N LAY O
I 72 A [ s {Ef?ﬂ: AR AR X R o R A B Bacteria concentration (710" CFU)
K% BRZH A A8/ BROTC BT S B 22, O RS E B4 RBNEMEGHEE

Y TCH 9 A (K 5) Figure 4 Growth curve for test mice.

5 RENREERIE  A-C: 25N BERAL. BHVEARHEEBRN BRZH . BAPEXS IR R BNE s D-F: 4>
SR BCEELE . FHPEAR HE AR X BRZE L IR B B IR s G143 0 S s . BH P o o TR PR X R
. VXS BRLH R WNE s T-L: 3 BCEELH . BHPERRMERR PR BRZH . B0 R ZH 10 i i

Figure 5 Necropsy of test mice. A—C: Lung of challenge group, positive standard strain control group and
negative control group; D—F: Liver of challenge group, positive standard strain control group and negative

control group; G—I: Spleen of challenge group, positive standard strain control group and negative control
group; J—L: Intestine of challenge group, positive standard strain control group and negative control group.
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ERZH LU Y] Al 0L, 543 S At i AR M IR 3E
JHF 248 B ML I ) s 36, 5 0 A L A AR,
52 R WA D B AR AN R E AT S
O T A N N A 1 A )
PR R, WLARMEA MRS T iR E
JEE b R RO A 248, A 24 4 M IR AE
e 2L BE A R Ik . TR 4% v AT TR A
Fk ATCC 700603 1Y/ B ZHZ i BEY) oAl I,

WA B I FR) B D-F: JCEEdl . FHM: X RY
RAPEXT HRZH ) BB B Y Ay J-L. T8R4 . PHEXTERZH |

PEXT IR

i A AR Y, BB N S AR SRR AN E (S
FLIUE BRI 2T 6 5 AR B, RGN Uk
YN B R b, R AN MR ST, R
T AR A 2 e LB A Rk . A REER
AR BE A /N BRATZU ) 7 oA D B S8 19 5 B 2 g A
(K 6),
2.8 HAHWHMEEESER
JEYL it 4 58 75 A P pneumoniae-X-5 Flffili ¢
o TR A EARERE R ATCC 700603 JET- K/,

WL AR

o B R AH A E RS DD s G-1: HeEEdL . B

R %ot B 2L M A 8847

Figure 6 Pathological changes in the experimental group and mice with positive standard strains. A—C:
Liver pathological sections of challenge group, positive control group and negative control group; D—F:
Spleen pathological sections of challenge group, positive control group and negative control group; G—I:
Intestinal pathological sections of challenge group, positive control group and negative control group; J—L:
Lung pathological sections of challenge group, positive control group and negative control group.
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HAH PR S JG Y] OWER B 8 7%, REPLBE
RS A E BT V , TR SC B AR khe
FERRE VD | W % Jm ¥ o il e s i A . 4
ZUSPH 10 R RE IR )5 , 76 10710 B B A5 K
Z I8, “FHr bR SEE 30-300 Z [H), #EATAM
TTE . G225 B {1 pneumoniae-X-5 Fl
it 2 s B A AR E B bR ATCC 700603 FET 11 7)N
B, FON R 2U88 B Al i T 5 ss R (R 4)3R
LI Bl o A e 22, LN R, I &
/D IR I (B 7)o HIERYL Il R 5E B A1
& pneumoniae-X-5 FET= /1N B I | B 2H 21
A TR A Ll e il A T E AT O b o TR R
ATCC 700603 SET= /N 2UA8 B A 20 8 75 ot
2, 1T P 00 A KB ]

3 iwEE#

Jii 98 o A TR 2 R T R AT 1 14 UL Y
FAFEORE T 2 STk, M T AR BE I R
BT AR B 25 R 97 A G A T R
W, LM 2R ET S, R SR
A T Z |G, AL M. . K
REM . A M . BN ARAENOUES A B i ) oh

x4 HAMEE2HEER
Table 4 Quantitative test results of tissue bacteria

BB TR SCE AN R 2 E A bR, 4
PRI IR T Ok T E Rk . 1 Forkh
Bk, KRB K IR il A v B A1 B I 9 A 4
1 . MHEEEZEPT 2022 4 1 CUE S BT B Tl
it 58 5 AR A AE TR R KRE s b . Ailgerh
TEHY 46 BREITPAE 58% (27/46)Lh £ E
Mif 25 Ak, AP R PIAR . ERR L R
POk, HERRL 100%M2, XFTspgsk, 27
IR 25 R7E 50%0A . FH B4
TR 9% i TR A TR R T AT 25 4 BT 25 SR R L 3 K
STERANTERE . MR BEAY
Py 7= A AN TR R EE A 24 5 Tl SO Py B
63 RNt 92 7 76 1A B X 2 S 2R pi A R
YRR o 3BT 24 R A 7 A 2 S 1 i DL T
REZ S PUA R AR . Fhek 25 2 1
oI 25 S e . AR S 7R JB 5% K RE A R
CHIMZEM 2 Ek, R 7EIR IR XXtz
Yy RS

it 9 i B A PR A W5 14T B A= 0 0k 5 ) e
J1, APk RS A T RE B AT i N S AR
A= 4k S A T B 55 4R T B ) S0 R
i 24k BB AR 5P, AR IR I 22 46 HR A RESH R

Name Group Isolated strains

Positive standard strain

Tissue Number of tissue Tissue bacterial Tissue Number of tissue Tissue bacterial

quality (g) colonies (g) content (CFU/g) quality (g) colonies (g) content (CFU/g)
Spleen 1 0.50 71 7.1x10° 0.52 60 5.7x10°
2 0.60 77 6.5x10° 0.62 58 4.6x10°
3 0.57 78 6.7x10° 0.49 44 4.4x10®
Liver 1 1.07 55 2.5x10° 0.60 55 4.5x10°
2 0.93 54 2.9x10° 0.88 58 3.2x10°
3 0.59 52 3.3x10° 0.79 64 4.1x10®
Lung 1 0.41 45 5.4x107 0.49 47 4.7x107
2 0.47 54 5.6x107 0.43 49 5.6x107
3 0.52 52 4.9x10’ 0.39 42 4.3x107
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Figure 7 The difference of bacterial content

between the challenge group (A) and the standard
control group (B).

it 9 e B AT BT 1 A 0 0k ST B g 0T f) ot 9 45 2R
BN, A 13 BRI R 5 d AR 2 TSR A
YR HETE BCBE T, 17 BRI 4 5 B 1 DA 9 AR Ak
I R RE 1458, A 16 MO B E A UEY
P, AW PRy 65%, 5 3CHR[26-27]
WFFE A A AR | 50 VR i 98 o B {11 18 1) A= )
Bl BT B BE 77 A HEBE R SR A, X AT REJE T
SRIEWFNASIR] il 58 o B A1 AR e B I
RE St AR —#F o A L2 P8 1 9 43 R R 35
B, 3G SR A% e B A AR S R UE 4
TR AP DA AR 22 18] AE W 9k TR o8 A 00 A 65 I A 1
Z5.

R A R TR AR 1 R AR A
FEINR, b2z I w] Sk DX & E J0 ili 48 e
B {1 D N 8 TR il 4R B L E AR, (R
VLA o 00, P22 56 BHAEA AT 1y
BT BR ORI, Y A R TR Y
RO — A5 W e 1 PO AR R A5 R R
46 PRARES NG R B A, SR rERA &
26.08% (12/46), [F]i X% 46 kit 48 52 8 1A B AY

15 Bl UL 8 ) FE DRI B 45 SRR B, entB .ured
ugE . wabG. makD . fimH HIK: HRETE 63%
(29/46)LA I, T rmpA. magA. iucA. iucB RTE
Horp 1 BRiE R o B AR A e
SR LT PR E AR, S, IR0,
HE. BREARRES MR EH S5RE,
SR REE SN AR AR R, 1 TETE
SimH 52 i 5 v B A R P e ARSI 3 1 7 O AT
Z P23 AR fimH W] A5l 4% v TR A 2
ORI b K A FN P B 4R, (R fim 5588
il & B P T 22 18 9 T B 2 A AR et At
o fimH (9 3R AE 60%Lh |, HHAT RS,
w3, SEMBREEFMEML, S5
4 it 4 5 T A DA 7 AR 2 R R 1, Rk
WG PRI 6-10 £%, SEESIAHCHIAIT R R
HURBRWER . WITERMSFHE R HATE 5
1) 4 Fhekskik, I HE ARSI R R &
5 1 R T TR A TR 1 B R S TP, Russo
GBI A R, ducd . rmpA FER O] LI
JE 5 B 7l AR T A TR ERR KT 095 iucA
G SFFE RN iuc BAFHEREZ —, &
& X3 i B A v B A T 8 MLl 8 v ER
A EERR s A il 2 — o JERE St R ve B
TR R BRI UIAHDE, Horb K1 K2 32
B 11975 PR A 1o 1 0 ik A e A R P R e, T
magA J& K1 i35 R A4 S PEFE BT 40 oA
TE magA A5 Wi 4 M o 48 A 40, i LT I
THAMAR Ve T B A BRI . w1
+ rmpA WA VCE FERE A A A, SR AR AR T
T, AARI IS 1Y = R R B R S T rmpA
A Y 28, AT D R RT B A A S [ Y e R R
ARSI B, AREf 1 ARIA G AT
13 FpagE 13N, HA a3 rmpd. magd. iucA
LI R SC A pneumoniae-X-5, JE &
FESH/INBRUS AT LDso A 1.7x10* CFU/mL. H#i,
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it 58 5 T A T 8 JE 7 P R R S A TR A i % S
YU A | MR AR SRR R | R R R AR 2 UK
PURLRISE AT e 7 R IR Y R I S
PR PRAE R, A 4 G b A 400 20 TR P 2 Rz
SR 4 B (AR ARCY SR, XAk
Fo P R Tk SO P40 8 1 i 9 T R A B
Pho AN, 55 BHMEXT BRI 48 o0 B (0 T 2 2% T bk
AHH, pneumoniae-X-5 & FREGL /N BRI AAE
ARF B AR AL ER B s, AR T /0N A L A
JHNELH R rh i & i B 22, SREHI 2 vl 7 R
pneumoniae-X-5 7 AL A H A9 A < B0
JEE SR HL B0 ) s, Uk B K AR TR AR v
{AE pneumoniae-X-5 A 15 5 1l & e B A B
PR o AR Ay 3 — 2D 50 TR s S AR ) A R
PESRHE 7RI . AR R, ZE 2tk
O 7E R SR R REA A T il B, i 21 I IR o ™
R o AU AT 2 AR P A, AT SR T R 24
Y ER SR, MR 50T .
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