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MK A FEE»BARARLAKR DA 5 Mb, ARAUAEE R T KA P4 Nsg KT 20 kb, G+C 4
FH 57%. 13HRE>ANEA 134 STRA . 134 KaFALE 74 0aFA. FIF VFDB ZHMH
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Virulence characteristics of Klebsiella pneumoniae isolates
from the feces of children in neonatal intensive care unit

ZHANG Ya’nan"', DING Zanbo"*, KONG Yiming’, LIU Zunjie', LI Zhaona',
TONG Jingjing', CUI Jinghua"

1 Neonatal Intensive Care Unit, Beijing Maternal and Child Health Care Hospital, Beijing Obstetrics and
Gynecology Hospital, Capital Medical University, Beijing 100026, China
2 Laboratory of Bacteriology, Capital Institute of Pediatrics, Beijing 100020, China

Abstract: [Background] Klebsiella pneumoniae, a conditional pathogen, often colonizes the
upper respiratory tract and intestinal tract of the human body. Due to the emergence of clinically
multi-drug resistant strains and the continuous enhancement of strain virulence, this pathogen
has received extensive attention. Children in the neonatal intensive care unit (NICU) have an
imperfect immune system and are exposed to the risk of nosocomial transmission of highly
virulent strains of K. pneumoniae. [Objective] To investigate the presence and virulence
characteristics of K. pneumoniae isolates from feces of children in the NICU of Beijing
Obstetrics and Gynecology Hospital/Beijing Maternal and Child Health Care Hospital in 2021.
[Methods] The strain isolation, whole genome sequencing, and virulence gene analysis of K.
pneumoniae were carried out on 421 fecal samples collected from children in the NICU of
Beijing Obstetrics and Gynecology Hospital/Beijing Maternal and Child Health Care Hospital.
The virulence factor database (VFDB) and Kleborate were used for annotation of the virulence
genes and the multilocus sequence typing (MLST) of K. pneumoniae, and the virulence of each
strain was examined by the string test, the Galleria mellonella survival test, and the cytotoxicity
test. [Results] A total of 13 strains of K. pneumoniae were detected in the 421 fecal samples,
with a detection rate of 3.1%. K. pneumoniae was mainly carried by the patients with ABO
hemolytic, low birth weight, neonatal pneumonia, and neonatal hyperbilirubinemia. The genome
of K. pneumoniae isolates was 5 Mb, with median sequence length after genome assembly
Nso>20 kb and G+C content of 57%. The 13 strains presented 13 ST types, 13 K serotypes, and
7 O serotypes. Among the 846 virulence genes annotated by the VFDB, strain Kp50 had the
largest number of virulence proteins and virulence genes, and this strain had the highest
virulence score determined by Kleborate. Phenotypic tests revealed that among the 13 K.
pneumoniae strains, only strain Kp50 had a high mucoid phenotype and stronger cytotoxicity.
Strains Kp50, Kp260, Kp185, and Kp273, which had siderophore expression ability, presented
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stronger virulence in the larvae of Galleria mellonella. [Conclusion] K. pneumoniae isolates
from the fecal samples of children in the NICU of Beijing Obstetrics and Gynecology
Hospital/Beijing Maternal and Child Health Care Hospital showed a low detection rate and high
diversity. There are highly virulent strains carrying multiple virulence genes and phenotypes.
High attention should be paid to the prevention and control of the spread of highly virulent
strains in hospitals.

Keywords: Klebsiella pneumoniae; neonatal intensive care unit (NICU); whole genome
sequencing; virulence gene; virulence phenotype

B A= JLEE HE W5 97 % (neonatal intensive care
unit, NICU)Z4E hiayrfa sk JLavin=s, 2L
Z R B AR AR | e RITE | A i,
e fido LA S B ARV BE e e g2 IR B
TR T WA R &0 R & b f oy B
) —AF, TR T BARAH, J& NICU Hi
D R 22—, Al g A LA« IO AE |
PR iSRG S e, P E N AT A B LAE
BTGP 22380 5 7 BRI FA P S e s
RY, il 58 B TR AR B 400 R 22 B R v R A T
(classical Klebsiella pneumoniae, cKp)Fil&#E
fiti 4 ve B /A i (hypervirulent Klebsiella pneumoniae,
hvKp) PR B0 cKp 5 %5055, 5 BRI
o AR ARE, T hvKp AR 28V /) &
F oKp, HAHERMAILAREEFES. BT, I
PRAEAS i 4% 5 B 411 T A9 g ) A 2 S
DRG0 1 2 TR ARG 71 . 35 PR 4130 5 AR RE 675
2| S e #& it 58 5 B A T O3 LR W) AR, 25
B AR R AR, AT DS A i B 5 Ik R TR AR 1)
ORI AR FE T 2021 AEXT AL 5T BEBE NICU
B LZEASE rp ) il A v 7R A0 R 5 1 LA T A I
I R ZH N, R s 5t 14 7 2260 a5 91 o3
il (multilocus sequence typing, MLST)L & 3&F
2 J1 N F B HE & (virulence factor database,
VFDB)#; S 2 K 7347, [FIEF A 22 . K
I I A A A A A i o B T ME AR AR
JLIA B R P il 98 v PR AR T A SE LR, T

A TR RMIR LR ) S LBIR IR LR 2R, %
JG NICU Jii % vg i 1 i i) G B P o013 A
T e SR AR 2 AR

1 S

1.1 #&

2021 4F 5-10 Aegedbnidy BEpe/At s o
HIRAEBE NICU 421 o3 JE 2 REAR (R B
52 2021-KY-015-01), FFAREARES 2h
TE 4 °CTUH IR T iz 215 48 LRI 93 T 40 v
WP E AT AR e ST A B B R . BB Rk
fifi & FEEAA T ATCC 2146 FIE T 742535 B2 Rl
bt S AN MC38, USSR R A
BRI  ROBE IR | R S A8 A R A PR D
1.2 EFE. FTERFIFLE

RPN TENR IR IR AR
Nl BHI ARG SR AN i B g B 5 2, bt il
BRHe AR By A BR A ] o AN LR 41 DNA HEBGR
Mg, e RARAEMRHEA PR A F ; CCKS 4
TEGAR &, ™ Rt iE g L R R A R A
Al EEEFI G, NEB A ; DNA KBS b
BEWE, Thermo Fisher Scientific AW ¢ Go0G
J6E 1}, Thermo Fisher Scientific AH]; A4
B, e R A R A] 5 Ilumina NovaSeq
PE150 ] 4% , lllumina 23 7 ; SEHT9¢ 6 58 & PCR
BT, BUNTE H B B A R\ —IRED¢
He BAMUG RGEA 2 BiEE, Keyence A F] .
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1.3 EMBISBEMEE

Fi HE T TR A FH G TR 7K A6 B A B 2 (B
A, W 100 pL R R A1 T 22 BB AR 15 77 5t
b, 37 °CHEFR 24 h S AR I A8 S0 A1 TR A 7
MERIE T e ] SE R YA, SR FIANTR LR 41 DNA 42
U S P2 DNA, ffFHIG A v B (A R PR AG:
M519 kheF (5-TGATTGCATTCGCCACTGG-3")
1 kheR (5-GGTCAACCCAACGATCCTG-3")4 1
khe JE[H(fARSMNA MEER L), USRI N
428 bp"”l. PCR JM{AZ (50 pL): 2xPCR Mix
25 uL, DNA Bifg(10-20 ng/uL) 1 puL, b . T
%I%(lo pmol/L)4% 2 uL, ddH,0 20 uL., PCR J2

M. 94°C 5 min; 94°C30s, 55°C30s,
72 °C 1 min, 35 ME¥; 72 °C 5 min''”, PCR
1 7 ) 2 B i W R I P KR DU 5 K A T
Y BRI 20 E N IR SE TR AT, T80 °Cik
feo I FFIAET, BUNRAER R, 76 BHI
(LT Ol i 15 R o | = <N < 3
14 2ERANFSHEKXRSH

fd 2653066 BE T B G I 200 T 5 A 2H
HU1 pug DNA, ffi FIE R &iF 1T DNA SCPE
P A, PCR I A% A4 A 7 e HE g e )
VLI #1E , PCR =14 AMPure XP R G 4lifk,
i A= W0 0 BT (RN SE ) 26 7 B PCR A Bir {3k
ki oA 5453 F . @1 llumina NovaSeq
PE150 I P4 T 4R 4 e, 000 e 5 A
%2 PRINA1040414 (https://dataview.ncbi.nlm.nih.

gov/object/PRINA10404147reviewer=rj8trsehoas?
gkpi3plntv558e). W/ i1 raw reads /351 H

readfq (version10) #4171 JE AL HE, 15 %] clean
data, ¥ clean data ffi il SPAdes v3.9.0"" .

ABySS!"Hl SOAP denovo! i fFuEfT4H%:, I
1L CISA B IEF o A RN vt , 3oL g BN R
B SR PR R P8 . #5310 fasta 1%
X JF IS0 F A MEGA 11.0 %41, A

ClustalW #E17 2 7 51 Hu s, {85 KA AR 24
AR . IR B Kleborate #1444 A 4% AR 7
FE B, 50 BE B P HL X 4 BT e A5 31 45 B Rk A
RFE . WRMEE . MLST 208, Jf4i4s K/O
LT 40 T F ) 5 Uo7
1.5 FhHEBRSH

43514 ] VEDB F1 Kleborate B 22 % ifi 46
S B A TR 0 B R T ) B O3 o et 4 TR bR
KGWE . HRRER . WIHRE., SFHFEER.
a2l MR T B A T S5 R R
JIEE A R
1.6 Hrzzikie

a3 R o B I R SE A T M S TR
Pk ATCC 2146 R 7E M BEARRE IR 5L |, 37 °C
K55 24 h )5 BRI ) B PR TR A
Bk 228 W H A B> 5 mm, A E 2256
FHAE
1.7 #esEHiRE

{61 FHZ5 s 4. MC38 SEATIRAMNN I 75
JE T s e N O [ A ER R R DN AL S
ATCC 2146 $7h % BHI k53 5L, 37 °C,
180 r/min £53% 4 h JFE=E . 8 000 r/min &.0»
10 min WAERIKR, LURGLEE MOI=100 T
MC38 4fifiti 24 h J5fii H— AR50 BHURIR 5
SeAH 2= W AUE S TS0 . FREINA 10%
CCKS8 i & 2 h, ME S,
1.8 KESIEAFIRE

W BRI R A XS H Rk ATCC
2146 AR E BHI iz 33, 37 °C. 180 r/min
K59% 4 h J5 = . 8 000 r/min &0 10 min WEH
&, {# ] PBS F B R R 1.0x10° CFU/mL,
PR AR 20 5 R VEST 10 pL A% U,
RS 10 2, DL PBS 4 %) B 6545 4H s
WE T — PR SR, 37 °CIF R, B 3 hids
& 2 R MR AE TG 1
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1wl GraphPad Prism 8 HC{F X % 17
GeitaE ot , ZA R HECR R R R I 250
Br, PIPILLBCR t K, L P<0.05 h2E5
HAS 7% X, #H GraphPad Prism 8 #{f
FII ChiPlot % (https://www.chiplot.online/)%:
IS

2 BER540

21 FREFABHRAFKRESH
WAL= B B AL B A G PR BE NICU g
P AL AR R 421 IhREA, K008 RERAIEE,

1.9

LA 13 B3Il va TR AT FH AR A, K Ry
3.1% (£ ). KEFEETT 4 2KB9%: ABO
WEAL(2/5) R AR AR L (1/31) B AR LA R
(6/24 1) FUFT A= L= IR 21 2K I 5E (4/26) (B 1)
22 EFEHELERMESHUXR

R 285 10715 f il 2% e 7 171 7 0 5 Ak
145, fdiH Kleborate FRAFXT AN JE N A k47
TERE, BRAESE 13 DN 4> BRI i 4 e 7
AT, X2 R B s PPAl s, 13 #Rfilis
SRR A R NEE, ¥08 5 Mb, N2
202 e e A BE TP B Nsg>20 kb, GH+C &
57%, SRR RESF (R 2). AFsd

F1 BHMREERAEELHALEE/ILERER
Table 1 Basic information of 13 children with positive Klebsiella pneumoniae detection
Wl G PR AR E o385 07 5K Apgar P53 Hi% BILBR
Patient Gestational age Gender Birth weight (g) Type of childbirth Apgar score Age in days (d) Diseases of children
50 39 L 4190 e 10-10-10 3 ABO ¥ Il

Male Caesarean ABO hemolytic
55 38 7 3750 H 1% 10-10-10 3 LA 4

Female Spontaneous childbirth Neonatal pneumonia
59 35 'S 2300 A 10-10-10 6 R AR R

Female Spontaneous childbirth Low birth weight
131 40 7 3720 il 10-10-10 4 e AL 22 1L e

Female Forceps midwifery Hyperbilirubinemia
182 37 % 2810 | 10-10-10 8 A LI &

Male Forceps midwifery Neonatal pneumonia
185 38 % 3030 7 10-10-10 7 A LAt 5

Male Forceps midwifery Neonatal pneumonia
234 41 L 3490 wE 10-10-10 3 e IRLL 2 ifgE

Male Caesarean Hyperbilirubinemia
260 39 5 3580 H 1% 10-10-10 4 A LI %

Male Spontaneous childbirth Neonatal pneumonia
263 41 5 3770 A 10-10-10 7 e IHZL 2 M9

Male Spontaneous childbirth Hyperbilirubinemia
273 37 5 2315 e 10-10-10 5 ABO ¥ I

Male Caesarean ABO hemolytic
293 36 7 1920 A 1% 10-10-10 3 A LI R

Female Spontaneous childbirth Neonatal pneumonia
369 38 5 3490 H 1% 10-10-10 7 e IHZL 2 M9

Male Spontaneous childbirth Hyperbilirubinemia
417 39 % 3710 H 1 10-10-10 6 Az LI 9

Male Spontaneous childbirth Neonatal pneumonia
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Faim £ il % e TRAAE K. preumoniae detected
AKSE I E il 4 75 A # K. pneumoniae notdetected

ABOV . ABO hemolytic

fiE A= Low birth weight

Hide )L 230 5E Neonatal respiratory distress syndrome
I JiAE Septicemia

i HEE FHE Pathological jaundice

L= Premature

B2 A 1E Bartter syndrome

A LA ILPHAE Neonatal hypoglycemia

ik JLI 95 Neonatal hypoglycemia

Fri )Lk Neonatal infection

w16 )L high risk infant

AL et E B %2 Purulent meningitis

#A Il Purulent meningitis

#id: )L % Neonatal cyanosis

Jiifi 4H Ifil. Pulmonary hemorrhage

& B Asphyxia

i JLAATE Neonatal shock

Hi4: )L Transient tachypnea of the newborn
Se R A4S & T IRE Lymphatic malformation
= N1 22 MUE Hyperbilirubinemia

0 20 40 60 80 100 120 140 160 180 200 220 240
by (1)

Patient number (cases)

E1 FRKEREILEFEPHREEREELER
Figure | Detection of Klebsiella pneumoniae in the feces of children with different diseases.

x2 MREERESBEREREBHLHZERNSEIFR
Table 2 Genome assembly and typing of Klebsiella pneumoniae isolates

[EL7 FERI 2 KN Ns, (bp) G+C (%) MLST 43 % K locus 7354 O locus 435!
Strain Genome size (bp) MLST type K locus type O locus type
Kp50 5253878 380 731 57.54 ST1764 KL64 Olvl

Kp55 5184 581 305 467 57.52 ST65 KL2 Olv2

Kp59 5332168 216 741 57.28 ST200 KL27 O3b

Kpl131 5434367 382536 57.37 ST10-2LV KL102 0O2vl
Kp182 5484 114 361017 57.52 ST327 KL81 Olv2
Kp185 5357492 365 819 57.36 ST36 KL27 02v2
Kp234 5469 733 395521 57.39 ST3827 KL111 03b

Kp260 5473 444 495 722 57.21 STI11 KL13 03b

Kp263 5311 811 319 394 57.47 ST29 KL54 O1v2
Kp273 5343 834 297 956 57.41 ST585 KL15 04

Kp293 5134610 322553 57.68 ST37 KL12 OL103
Kp369 5341480 291934 57.38 ST1446 KL39 03b

Kp417 5397281 546 653 57.61 ST17-2LV KL148 O1v2

13 BRIt R e THIARE )8 13 MR MLST & [ (way) RV S 55 7% il 25 R (wibalP) 252 75 00 i 48 5.
B, Hod ST11 Bk R el AR S EEEZEN HAEMER KL, [R5 A5 0 5
e A IR 2 —, BRIE Kp260 J& TiZ A 511 Bk 13 FORE R A, Horp s 2 48 r vk
BT O-PUFEFIB RN (W2x) . O-PiR R ABER:  KpS0 XN AT KL64 A FUFIR R KpSS XY KL2
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ORISR SIS T O-Hi s Ak 3k
R (wzm) sk, O-HiJFI R4S A s I R (wazt) 3 [ ]
W 13 BRAt 98 5w A B B R 20 7 OVl 7
FIOARTRI 22, Horp O1 T O2 43 84T,
X A R R RE KpS0. Kps5. Kpl31, Kpl82,
Kpl85. Kp263 Fl Kp417., g va A 74 Xt
gEIL IR, WAk KpS0. KpS5. Kp260., Kpl8s i
BRGE, AIRERA IR RI(A 2),
23 FHEESTEENES

K VFDB {38 13 Ml 4 5 75 1 R 445 2]
846 MUERLER, XEERERATRIH 13 Fi
B (E 3). HA@RHk Kpso HAREZME
JIE MBI G5  BRIATAR KpSO0 Ak, TRIAk
Kp185. Kp260. Kp263. Kp273 HAT KMHH %

¥, Kleborate HRHEEZRERMACIEH 475 17
5%, WPE KpS0 o4 3 4, Witk Kpl85. Kp260.
Kp273 A 14, Witk Kp263 KA 0 43,
Y5 VFDB R4 RIHAHIA
24 EEZHEERESH RN

i IR v A A A 2 i e
Kleborate 43 #r 3B, F#E Kp50 HA 5 w2 Al
AH S 2 S L rmpA Fll rmpA2 (% 3). $i
2RI, CE TR Kps0 RIH T Hi 22 fE
M ATCC 2146 JHAth 12 #REAABA T 246
X5 RS R —S(F 4).
2.5 Hﬂiﬁt%”ﬁ{ﬁiRTHZJiEfHH@%'IHﬁvﬂU

RyT AW AM )G, HHE KpSo.

Kp185\ Kp260. Kp273 Hl Kp369 5 ATCC 2146

AH EL A A7 15 22 RN R 4) TE— IR
W ORR RG22 BB T WS LB, AR
Kp50 THil/5 MC38 4 fuficat B i /b, gtk
AR 5). HABTE T 15 4 Mg AR
FI0 AR

FEB/R AR R L E A —Fha 2, Wik Kpl82
1 Kp260 HAREMEAER, Wk Kpl3l
Kp263 FLAT 3l FE RN B R ARSI R 20y
MR B, Bk Kpso. Kpl85, Kp260., Kp273 &
KR . BRERAR R R v B A B R T

Roary matrix

0.003 0 6 471 gene clusters
: Klebsiella pneumoniae Kp131 (SAMN38257095)

0.0030 giepsiella prneumoniae Kp369 (SAMN38257103)
0.0030 giepsielia pneumoniae Kp293 (SAMN38257102)
00033 Kiepsiella pneumoniae Kp273 (SAMN38257101)
0.0032 kiepsielia pneumoniae Kp182 (SAMN38257096)
0.003 2 Klebsiella pneumoniae Kp417 (SAMN38257104)
0.0032 kiepsiella preumoniae Kp234 (SAMN38257098)
0.0032 kiebsiella preumoniae Kp263 (SAMN38257100)
0.0028 Kijebsiella pneumoniae Kps9 (SAMN38257094)
0.0030 giepsiella pneumoniae Kp185 (SAMN38257097)
0.003 1 Kiepsiella pneumoniae Kp260 (SAMN38257099)
0.0038 giepsiella pneumoniae Kp55 (SAMN38257093)
0.0030 giepsielia preumoniae Kp50 (SAMN38257093)

I W
i H\IIHHHHHH
—
0.0010

2 ETRRUAZHEMRTERESBHRIEUH  HLHIR<0.001 0"fURE LR AL 7203k
ARV . 55 BB N RIARTE GenBank H1 7515

Figure 2 Construction of the evolutionary tree of Klebsiella pneumoniae isolates based on the maximum
likelihood method. Scale “0.001 0” represents the unit of genetic distance. The numbers on the branches
represent evolutionary distances. The numbers in parentheses are the serial numbers of the strains in GenBank.
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0.00 0.00 2.00 0.00 1] 0.00 2.0 eX0) 1.00 - Kp293
0 0.00 0.00 2.00 0.00 2.00 BX(} 0.00 0 1.00 - Kp234

| SE0Y 0.00 0.00 0.00 2.00 0.00 2.00 BEIN 0.00 M08 1.00 - Kp369

0.00 0.00 0.00 08 0.00 2. .00 1.00 - Kp182

0.00 0.00 2.00 0.00 2.00 2.00 0.00 2. (N 1.00 - Kp263
o | . 0.00 0.00 0.00 2. 0N 0.00 2.00 1.00 - Kp417

0.00 0.00 0.00 [t} 0.00 1.00 - Kp55

—— 1.00 0.00 0.00 2.00 0.00 2.00 2.00 0.00 2.0 08 1.00 - Kp131

e [T} 0.00 0.00 0.00 2.00 0.00 2.00 BRI 0.00 2.00 g

0.00 0.00 2.00 0.00 SO0IN 0.00 2. ; VN Kp260

0.00 0.00 2.00 0.00 2.00 BECIN 0.00 2.00 ON08 1.00 - Kp185

0.00 0.00 0.00 0N 0.00 ONORONIIR- Kp273

2.00 2.00 0.00 2. 2.00 2.00 2.00 2.00 BEG[INGESRI]

IO S T S S SR

El3 VFDBEEEIRMAREEESEHRSHNER ent&fep: KW RIEN; yot: HURERILH;
iro: YOI TIE RN ; iuc: AUMFE R AL ; pul: & 22 HEEED 5 fli: MEBE LR fim: W B sdr&clf:
HEE MBI R IEN ; rmp: JEREZHEELDT ; phud&mgt: kiEE Gy i W AR C LN s enf&ecp: FEMEE M
SXUBEEN s omp&osp: AFRRIBEEE LY. BB EE ) SR SE R AT G, K 5.(0.00) KR S AL
FILLXTHRIE N 0%; 18 £8.(1.00)FK /R 5 2B RN P S S HUE N 1%-99%; £164(2.00)% /R 5 S5 2N
Fe A LT ARMLE S 100%

Figure 3 VFDB database annotation of virulence genes of Klebsiella pneumoniae isolates. ent & fep: Colistin
genes; ybt: Yersin genes; iro: Salmonellin genes; iuc: Aerobactin genes; pul: Pullulanase genes; fli: Flagellin
genes; fim: Bacteriorhodopsin genes; sdr & clIf: Anchoring proteins and adhesins genes; rmp: Podocarp
polysaccharide genes; phu & mgt: Evasion of immune response-related genes; cnf & ecp: Virulence protein
secretion genes; OMp & 0sp: Specialized membrane protein genes. The colors in the figure are related to
virulence gene integrity. Blue (0.00) indicates 0% similarity to the reference gene sequence comparison; Orange

(1.00) indicates 1%-99% similarity to the reference gene sequence comparison; Red (2.00) indicates 100%
similarity to the reference gene sequence comparison.
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K3 MREEREIBERERZEERE
Table 3 Genes for podoplanin polysaccharide in
Klebsiella pneumoniae isolates

Strain rmpA rmpA2

Kp50 + +

Kp55 - -

Kp59 - -

Kpl31 - -

Kpl82 - -

Kpl85 - -

Kp234 - -

Kp260 - -

Kp263 - -

Kp273 - -

Kp293 - -

Kp369 - -

Kp417 - -

+r JCHRZPERENEREAME; — SRR R
+: Positive annotation of podoplanin gene; —: Negative
annotation of podoplanin gene.

ATCC 2146

B4 RZHFREIBEHRNLRE A:SER
Pk ATCC 2146, Hizzif3ufItE. B: Kp50, $r2zik
55 PR

Figure 4 String test of Klebsiella pneumoniae

isolates. A: Reference strain ATCC 2146, negative
string test. B: Kp50, positive string test.

&4 CCKS8 #ilMmpash
Table 4 CCKS assay for cytotoxicity

Strain Cell survival rate (%) Adjusted P value Summary
ATCC 2146 74.13+1.82 ns ns

Kp50 38.12+0.36 <0.000 1 Horkk
Kp55 69.29+0.89 0.589 1 ns

Kp59 70.59+4.92 0.8772 ns

Kpl31 73.83+2.74 0.999 9 ns

Kpl182 80.57+2.25 0.266 2 ns

Kpl85 40.88+2.22 <0.000 1 Horkk
Kp234 68.50+2.94 04136 ns
Kp260 48.62+0.30 <0.000 1 korAk
Kp263 80.57+2.25 0.266 2 ns

Kp273 61.65+0.65 0.002 8 **
Kp293 68.13+0.96 0.341 1 ns
Kp369 61.09+0.85 0.001 7 *x
Kp417 90.39+0.89 0.000 1 ok

P PBS AbFRANAE M 25 A X BT AN A1 %, [R BT SR T4 R H B (W R AL ATCC 2146, *: P<0.05; **: P<0.01;

*k¥, P<0.001; *F**, P<0.000 1; ns: JC@EMEER)

Cell survival was calculated using PBS-treated cells as a blank control, and intergroup comparisons were also performed
(ATCC 2146 for control, *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<(0.000 1; ns: No significant difference).

26 KEESMHIXKEER LDy, HHFETETEESE (] 6). HkR KpS5. Kpl85,

g 1t 48 5 B A1 DA T A RS RS, D MR AN
[Fi) BT R T 52 BB S AP AE 25 5% o LD TR Kp50,
Kp260.Kp369 7 18 h NIk F KBTI 80%3 4t &t

Kp234. Kp263, Kp273. Kp293 5 PBS 44 HA
i 25 5 (P<0.05), {HAMEMIE T B #E Kps0.
Kp260. Kp369 iX 3 HREEE .
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ATCC 2146 Kp50

5 MRETHEREXNFEMAESE A: PBS BHMXTEE. B: ATCC 2146 St 5E. C: KpS0 541
H R R AR89 BIMUSUR RG22 BAEE , BORRECH 200 £

Figure 5 Intestinal cytotoxicity by Klebsiella pneumoniae. A: PBS negative control. B: ATCC 2146 infected

cells. C: Kp50 infected cells. Photography using a phase contrast microscope in an integrated fluorescence
microimaging system with a magnification of 200x.

>

B C
~ 100 - PBS ~ 100 -~ PBS ~ 100 -PBS
£ gob - ATCC 2146 a:, 80 ~ Kp50 % 20 F ~Kp55
£ 60} g 60 g 60f
S 40f P=0.067 1 S 40 S a0}
.= | E B L —
% 20 5 20 c% 20 P=0.0040
% 36 9121518 %36 9121518 %3 6 9121518
Time (h) Time (h) Time (h)
D E F
~ 100 ~ PBS ~ 100 ~PBS 100 ~ PBS
c\c = o\c e c\e s 3
< S0+ Kp234 < 80 P=0.000 2 Kp260 < 80 Kp263
5 60 B 60f s 60
= 40t 2o F 40
E - 5 2
E ol P=0.004 0 " £ ol
= = =
w O 1 1 1 1 1 1 v 0 1 1 1 1 I 1 v 0 1 1 1 L 1 L
036 9121518 0369121518 0369121518
Time (h) Time (h) Time (h)
G H I
~ 100 - PBS ~ 100 - PBS __ 100 -PBS
S soF ; ~Ke s : K w0 o000z T
5 60} 8 60} ‘u‘é 60 e
g a0} P=0.029 1 £ 40} P=0.0289 T 40t
£ 20} 2 20f B 20
[72) w @
0 1 1 1 1 1 1 0 1 1 Il 1 1 1 0 1 1 1 1 1 1
036 9121518 036 9121518 0369121518
Time (h) Time (h) Time (h)

6 MAXTEFARBRREIEEFHME A EHSH R ATCC 2146. B: {E5 Kp50. C: S Kp5s.
D: W4t Kp234. E: VESF Kp260. F: 15 Kp263. G: 7E4) Kp273. H: 14 Kp293. I: {4 Kp369
Figure 6 Survival curve of Klebsiella Pneumoniae infected with greater wax borer. A: Injection of reference

strain ATCC 2146. B: Injection of strain Kp50. C: Injection of strain Kp55. D: Injection of strain Kp234. E:

Injection of strain Kp260. F: Injection of strain Kp263. G: Injection of strain Kp273. H: Injection of strain
Kp293. I: Injection of strain Kp369.
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3oHmE &R

15 B W %8 v 7R AR T (hvKp) b 28 i fili 8
T A H (cKp) LR 281, AEME SR H Kk
e N T 1 S 1B N AN 7B e
P, X NICU fR LA 5™ i) f 22,
RSB B} K 2% B s Be i3 T — 1 i 5% B S e
hvKp 5l R K EIL, B —H K, 7
FEMGE T FEME AR ZEE P K hvKp,
X F W hvKp HATENICU FRER b 7t 22 iy T e
e [E VAR v RN B AT R AE R BEAE 2019 A Xt
NICU B L2 R AR Hp ) il 5 5 A 7R 1A A
W, KRR 7.3%, KA 9 B O A
BN TR R ) cKp, B2 R IL,
AR FEXF 2021 AR 77 B B /A BT A 2 ARk e
NICU fBJLZEEAEA AT UM, 4558 8R4 v
FHIAWAAREA TR RS 3.1%, BILTRE
FRE , X 48t il 92 v B 1 A AR LI ol
ST, K BRBHEAS L EAE R T 4 2805
i, HoH ABO ¥ £ 35 (2/5)ti R To T (A TR 451
A el ac s, A JL ABO ¥ L2388 A= LAY I
RS REE A MBS RS, S B0 AE LA 21 4 vk
BEU™ R AU IR, DTS R FR I . B RS
ARLT 2R MLAE o ;X APBIR A T IR B A5 T8 %
o, T A AT I A R e i B A T A AR I
T — 25 5T

it 4 e B A BT 9 8 0 5 AR G i 0 W] AR
MLST 43 #IH K/O IMLiE 4 BIp)E K. B 4
FE DRI AR G K R AN AR W05 B 2R i TR
R TR, 4 i DRI 2R 300 P 8 448 S B v g 43
FIWTFBEO, AT KB B AR R 13 BRI R
T AR R I B 2R . HoR BB Kps0 Xt
1) KL64 43 T FIE Bk KpSS X0 ) KL2 437 B A
LR IRET, ST R & 78 A i 2
Hh [ EE I R R, TR ER Kp260 T8 T

ST 4 RIS, S 2o 43743 78 % AT LAR) 25 4 T LA
b 3 AR T TR R ) HAR R PR ROR A TR B
X3 ARG BT A L A B A R 34 d, 4
AR 7 St 0 PR Ml 1) 5 e A% R M %) it R S P
TR 2 N T

FIH VFDB ## 2 Fl Kleborate 4K {47 R i
R T AR Ay Bk SRR, IFE P22
9 3 A A I 1 DA R TR | IE 25
RITELSNVEMIART, Witk Kps0 B HA =
77, MR R EE A e TR AT AT . 4G R
DX fii 5 2 B L B 154, A T 2 A v G
W R I R s B AT Y 50 S EBE TR K
Jo Jii 5% o B AT TR SR A (B ORI . Ak
Kpl185. Kp260. Kp273 il Kp360 HA7 g 2 141
MR I ARSI R ), W R & B AT e = 7
Pk

i b, ARWFSE & B I B e /b T
AR NICU SB35 Wi il & v B R B 1Y)
TN 3.1%, fAEme IR e mneE, 2t
— A R B 98 v R AR TR E Bl R AR LR
I A DG B LR, Jo4b, 2R e Il R e
TIAWEA SRR XS, ol fer-A:m 2k, H
PCE SR NICU H7 Az ) Ll 98 v 76 411 a1 Ik e 1) B
PEIR)ET, 5 H A e S i A2 1Y) LI -
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