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i E.HH RiTADRIHENELSREERLERBERALINGERSED ﬂfhki*m # (hvKP) ¢4 &
AMAL, FiE FELKRE220F1AE2021 F 12 ABMNERREWEER> B A ETREY E %é‘aﬂﬁik
ﬁﬂéa, R 2 Skt A ARENE T AN EYRBEGFXATOR . FRTERLEF S A S
FolaR, RAMRER ATCCT700603 ,ATCC43816 2 KRHHE R LM K Ao B KX L TMA /\93']

#4E 4 /\Z' Bl 0 B R AT RS R iR e, 12 DL R A TH L 24 A A B EFHHE 72 h 50058
F(LDy,)., &R #2015 4 hvKP. 4 3 # e F A, 5 %) 4 K1 ST23 & (13.3%,2/15) K64 ST11 #
(60.0%,9/15), K112 ST15 #(26.7%,4/15), K1 #= K64 & 4 H #3494 H rmpA.rmpA2.iucA F= iroN 4 A
FAHEE .M K12 B4 #%i’u/\/c.\?a“ rmpA2 F= iucA 2 A& A A HE ., K64 ST11 iuu K112 ST15 & & #k 3 &f
BREEFRERA LD, REERBR o B HFE I RREIHELLETME, SARKRESNA 1X10°
CFU/mL.1X10° CFU/mL.1X 10’ LFU/mL\1>< 10° CFU/mL &, ATCC700603 ﬁu ATCCA43816 *F 5 % &

B, EFA G FEL(P=0.000 1,0.002 3,0.024 5,0.042 8), KMAEATA I = G 2t B A2 51 T Bh o2 3 4
HR KR EE AERARRENITZH , KRB R FLMZIT G, 5&FN4FEH 4% ATCCL3816 48
FlL.KI.K64 K112 Bis K E s3I AN B SR LE, S HRKREE 1X10"~1X10° CFU/mL B, BT A K 3558 £
48h A, 1 X10° CFU/mL # & TR &t hvKP # KPP, 2 F ¥ H %+ % & L (P <0. 05),
ATCC700603 ,ATCC43816.K1 & K64 & K112 B A= cKP ££ 72 h # LD,, & # # 5. 2X10° CFU/mL.6. 8 X
10" CFU/mL,1.0X 10* CFU/mL.,1. 0 X 10" CFU/mL, 3. 1 X 10" CFU/mL, 1. 6 X 10° CFU/mL, % & #
LoglOLD,, % %1% 6.718.4.834.3.987.3.987.4.504.6. 212, 16 K% & K1 & K64 & K112 B £ £ F 18
AYTHEAGENAKR, i E2VHIEDKESREEREER . TUEREAREARZRW X L EMRAF
BENME L TR GLES J

KW KR LA, FALAAKN; MXELEME; LD, @FEH
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Application of biomarkers combined with Galleria mellonella infection model in the
identification of clinical hypervirulent Klebsiella pneumoniae "
SONG Shuang'?,ZHAO Shulong' ,SUN Jingfang' XU Yinhai' ,MA Ping'* ,KANG Haiquan'"
1. Department of Laboratory Medicine , A f filiated Hospital of Xuzhou Medical University ,
Xuzhou ,Jiangsu 221002,China ;2. College of Medical Technology s Xuzhou
Medical University s Xuzhou ,Jiangsu 221004 ,China

Abstract:Objective To explore the application value of biomarker detection combined with Galleria mel-
lonella infection model to accurately identify clinical hypervirulent Klebsiella pneumoniae (hvKP). Methods Kleb-
siella pneumoniae isolated from patients in the intensive care unit of the Affiliated Hospital of Xuzhou Medical
University from January 2020 to December 2021 were collected in a non-repeated way. The biomarkers of
Klebsiella pneumoniae were identified by string test and virulence gene detection,and capsule serotyping and
multilocus sequence typing were performed. Standard strains ATCC700603 and ATCC43816 were used to es-
tablish Galleria mellonella infection models,and clinical isolates of Klebsiella pneumoniae were made into four

different concentrations for Galleria mellonella infection test. The death rate was recorded every 12 hours,and
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the survival curve was drawn and the 72-hour 50% lethal dose (LD,,) was calculated. Results A total of 15
hvKP strains were collected, and 3 serotypes were detected, including K1 ST23 (13. 3%,2/15), K64 ST11
(60.0%,9/15),and K112 ST15 (26.7%,4/15). The K1 and K64 strains all contained four virulence genes,
rmpA,rmpA2,iucA and iroN,while the K112 strains all contained only two virulence genes. Both K64 ST11
and K112 ST15 strains were resistant to carbapenems. Galleria mellonella can distinguish high and low viru-
lence Klebsiella pneumoniae. When the concentration of bacteria solution was 1X10° CFU/mL,1X10° CFU/
mL,1X10" CFU/mL and 1X10® CFU/mL.the corresponding concentration of ATCC700603 and ATCC43816
was compared,and the differences were all statistically significant (P =0. 000 1,0. 002 3,0. 024 5,0. 042 8).
The blank control group without any treatment and the phosphate buffer saline injected group survived. With
the increase of bacterial concentration, the mortality of the galleria mellonella also increased. Similar to the
highly virulent standard strain ATCC43816, the clinical strains of K1,K64 and K112 showed high lethality,
and all strains died within 48 hours when the bacterial concentration was between 1 X 10" and 1 X 10® CFU/
mL. hvKP and cKP could be distinguished by 1X10° CFU/mL bacterial solution,and the differences were sta-
tistically significant (P<<0. 05). The LD;, of ATCC700603, ATCC43816,K1,K64,K112 and cKP at 72 h were
5.2X10° CFU/mL,6.8X 10" CFU/mL, 1. 0 X 10* CFU/mL, 1. 0 X 10" CFU/mL and 3. 1 X 10", CFU/mL,
1.6X10° CFU/mL respectively,and the corresponding Logl0OLD;, were 6. 718,4. 834, 3. 987,3. 987,4. 504,
6. 212 respectively. Clinical isolates of K1,K64,K112 types of Klebsiella pneumoniae can be classified as hypervir-

ulent strains. Conclusion

Biomarkers combined with Galleria mellonella infection model can accurately identify clinical

classic Klebsiella pneumoniae and hypervirulent Klebsiella pneumoniae.

Key words: Galleria mellonella infection model;
LD.,; high virulence
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AR A 55 BRI B S ARSI T R R S R T SR,
R A Ry B BB W, AR T A G 1Y B W R 45 A
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tps://bigsdb. pasteur. fr W u% ¥ 47 b XF, 8 & T A&
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mEEN cKPidHE Mg, LREL 3 KICFYES
il A A7 2 e B 72 h s AR v A B 50 %0 Bt
(LD, A5 56 FH i S bs e vk ATCC43816
AR EE AR HE T MR ATCC700603 vy 4 i 48 v 5 {1
R At I J U R ) R R O DA LRI AT ML
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£2 BENIREEEESE.SHNERRTREEMESER MICBEMER

SENRE 1M v 7 MLST n rmpA rmpA2 iucA iroN W R (pg/mL) &P KR (pg/mL)
K1 ST23 2 + + + + <0.25 <0.25

K64 ST11 9 + + + + =>8 >8

K112 ST15 4 — + + — 2 =8

AR EAORER: — RN RN,

2.2 REESERPEIE ATCC700603, ATCC43816
AN SR Lo A =
R 0l 9 7 A B MR E 4 3 1 X 10°

CFU/mL.1X10° CFU/mL.1X10" CFU/mL.1X10°
CFU/mL i}, ATCC700603 F1 ATCC43816 % vj ¥ i
e, ZFHE S E X (P =0.000 1,0.002 3,



